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( d a t e )  
A b s t r a c t  
The e f f e c t s  on t h e  g rowth  o f  a l f a l f a ,  Medicago s a t i v a ,  ' v e r n a l ' -  
were compared when s e e d l i n g s  were i n o c u l a t e d  w i t h  v a r i o u s  combina t ions  
o f  e i t h e r  P r a t y l e n c h u s  p e n e t r a n s  and Fusarium s o l a n i  o r  - P.  p e n e t r a n s  
a n d l .  oxysporum f . s p .  m e d i c a g i n i s .  A s y n e r g i s t i c  d i s e a s e  i n t e r a c t i o n  
o c c u r r e d  when 1. oxvsporum was i n o c u l a t e d  one week b e f o r e  o r  
s i m u l t a n e o u s l y  w i t h  - P . p e n e t r a n s  . G r e a t e r  r e d u c t i o n s  i n  g rowth  
o c c u r r e d  w i t h  i n c r e a s i n g  inoculum l e v e l s  o f  1. p e n e t r a n s  and 
F. oxysporum, b u t  n o t  w i t h  2. s o l a n i .  S e e d l i n g s  i n o c u l a t e d  w i t h  t h e  
- 
nematode a l o n e  c o n s i s t e n t l y  g a v e  poore r  y i e l d s  o f  t o p s  and r o o t s  t h a n  
when i n o c u l a t e d  w i t h  e i t h e r  Fusar  im- s p e c i e s .  9. pene t r a n s  reduced  
t h e  r o o t  we igh t  o f  a l f a l f a  more t h a n  i t  d i d  t h e  we igh t  o f  t o p s .  
F. oxysporum appeared  t o  b e  more pa thogen ic  t o  a l f a l f a  than  d i d  
-
F. s o l a n 4  under  s i m i l a r  s o i l  c o n d i t i o n s ,  a l t h o u g h  i n  a s t e r i l e  sand 
- 
c u l t u r e  F. s o l a n i  c a u s e d  d e a t h  o f  20% of  t h e  s e e d l i n g s .  1. oxysporum 
d i d  n o t  a l t e r  t h e  p o p u l a t i o n s  o f  - P.  p e n e t r a n s  i n  a l f a l f a  r o o t s ,  
whereas  1. s o l a n i  when i n o c u l a t e d  o n t o  a l f a l f a  1 week p r i o r  t o  o r  
s i m u l t a n e o u s l y  w i t h  fl. p e n e t r a n s  caused  a  s i g n i f i c a n t  d e c r e a s e  i n  t h e  
number of  P.  p e n e t r a n s  i n  t h e  r o o t s .  The p o s s i b l e  r o l e s  o f  t h e  
- 
nematode and fungus  i n  t h i s  p l a n t  d i s e a s e  complex a r e  d i s c u s s e d .  
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I N T R O D U C T I O N  
The nematode genus  P r a t y l e n c h u s  h a s  b o t h  a wide g e o g r a p h i c  
d i s t r i b u t i o n  and a  b road  h o s t  r a n g e .  g. p e n e t r a n s ,  one o f  t h e  more 
p a t h o g e n i c  s p e c i e s  o f  t h i s  g e n u s ,  is  r e c o r d e d  on o v e r  350 h o s t s  i n  
t r o p i c a l  and t e m p e r a t e  a r e a s .  A l f a l f a ,  a n  i m p o r t a n t  f o r a g e  c r o p  i n  
Canada, i s  one o f  t h e  h o s t s  f o r  t h i s  nematode. The e f f e c t  o f  
P. p e n e t r a n s  on t h e  growth o f  r e d  c l o v e r  and a l f a l f a  i n  t h e  Uni ted  
- 
S t a t e s  was r e p o r t e d  by Chapman (1958)  who found t h a t  t h i s  nematode 
r e d u c e s  y i e l d s  o f  a l f a l f a  grown i n  t h e  g reenhouse  by a s  much a s  40%. 
S i n c e  t h e n  Willis and Thompson (1969)  have shown t h a t  P. p e n e t r a n s  is  
- 
r e s p o n s i b l e  f o r  r e d u c t i o n  i n  y i e l d s  o f  a l f a l f a  i n  t h e  Mari t ime 
p r o v i n c e s  o f  Canada. I n  o t h e r  a r e a s  o f  Canada P .  p e n e t r a n s  c a u s e s  
- 
s e r i o u s  damage t o  o t h e r  c r o p s ,  b u t  i t s  e f f e c t  on a l f a l f a  i n  t h e s e  
a r e a s  h a s  n e v e r  been de te rmined .  
Fusarium s p e c i e s  a r e  f r e q u e n t l y  i s o l a t e d  from a l f a l f a  t h a t  have 
r o o t  r o t s  o r  w i l t s  and predominate  i n  a l f a l fa  r o o t s  s u f f e r i n g  from 
w i n t e r  i n j u r y ,  b u t  o f t e n  t h e  symptoms c a n n o t  be reproduced  by 
i n o c u l a t i n g  h e a l t h y  p l a n t s  w i t h  t h e  i s o l a t e s  (Weimer, 1927). When 
c o n d i t i o n s  a r e  *made e x t r e m e l y  f a v o r a b l e  f o r  t h e s e  f u n g i ,  damping-off 
o f  s e e d l i n g s  can be produced w i t h  most o f  t h e  Fusarium s p e c i e s  
i s o l a t e d .  From t h i s  Weimer (1927)  concluded t h a t  t h e s e  Fusarium 
s p e c i e s  a r e  main ly  s a p r o p h y t e s .  Cormack (1937)  d e s c r i b e d  r o o t  r o t  
symptoms on a l f a l f a  r o o t s  c a u s e d  by f i v e  Fusarium s p e c i e s  from f i e l d  
s o i l s  i n  A l b e r t a .  He found t h a t  t e m p e r a t u r e  i n f l u e n c e s  t h e  a c t i v i t y  
o f  t h e s e  Fusarium s p e c i e s  and t h a t  t h e  damage i s  p a r t i c u l a r l y  s e v e r e  
3 .  
a f t e r  w i n t e r  dormancy. F. roseum i s  one  o f  t h e  f u n g a l  pa thogens  
c o n t r i b u t i n g  t o  crown bud r o t  o f  a l f a l f a  i n  s o u t h e r n  A l b e r t a  (Hawn and 
Cormack, 1 9 5 2 ) ,  p a r t i c u l a r l y  i n  e a r l y  s p r i n g .  Willis (1965)  r e p o r t e d  
,Fusarium s p e c i e s  t o  b e  t h e  most  p r e v a l e n t  f u n g i  a s s o c i a t e d  w i t h  r o o t  
r o t s  o f  r e d  c l o v e r  i n  t h e  Mar i t imes .  Th i s  p r e v a l e n c e  o f  Fusarium i n  
r o o t  r o t s  o f  legumes a t t a c k e d  by p l a n t  p a r a s i t i c  nematodes l e a d s  one 
t o  s p e c u l a t e  t h a t  nematode-fungus i n t e r a c t i o n s  may b e  i n c r e a s i n g  t h e  
d e s t r u c t i o n  o f  f o r a g e  legumes.  
Nematode-fungus a s s o c i a t i o n s  i n  p l a n t  d i s e a s e  complexes have been 
r e p o r t e d  t o  o c c u r  i n  a  r a n g e  o f  a g r i c u l t u r a l  c r o p s .  H a s t i n g s  and 
Bosher (1938)  were t h e  f i r s t  t o  r e p o r t  such an a s s o c i a t i o n  i n  Canada, 
where t h e  r e d u c t i o n  i n  g rowth  o f  p o t a t o e s ,  c a r r o t s ,  r e d  c l o v e r ,  
t o m a t o e s ,  s p i n a c h  and v i o l e t  s e e d l i n g s  by Cyl indrocarpon  r a d i c i c o l a  
and 1. o r a t e n s i s  a s  a  mixed c u l t u r e  was u s u a l l y  g r e a t e r  than  t h e  sum 
of t h e  r e d u c t i o n s  c a u s e d  by e i t h e r  pathogen a l o n e .  I n  t h e  i n t e r a c t i o n  
o f  Rh izoc ton ia  s o l a n i  and P. minyus on w i n t e r  wheat  ( B e n e d i c t  and 
Mountain,  1956) a  c l o s e  a s s o c i a t i o n  was demons t ra ted  between t h e  
number o f  nematodes and t h e  m o u n t  o f  fungus .  The e f f e c t s  o f  b o t h  
pa thogens  a r e  n e c e s s a r y  t o  p roduce  f u l l  e x p r e s s i o n  o f  t h e  d i s e a s e ,  and 
a g rowth  i n c r e a s e  o f  t h e  wheat  r e s u l t s  from a d e c r e a s e  i n  e i t h e r  
pathogen.  Mountain and P a t r i c k  (1959)  w h i l e  s t u d y i n g  t h e  peach 
r e p l a n t  problem i n  O n t a r i o  , showed t h a t  t h e  a c t i v i t i e s  o f  1. p e n e t r a n s  
c a u s e  t h e  p r o d u c t i o n  o f  p h y t o t o x i c  s u b s t a n c e s  t h r o u g h  h y d r o l y s i s  o f  
t h e  cyanogen ic  g l y c o s i d e ,  amygda l in ,  which i s  invo lved  i n  t h e  
fo rmat ion  o f  l e s i o n s  o n  t h e  r o o t s .  N e c r o s i s  o f  t h e  r o o t  t i s s u e  w i t h i n  
t h e  l e s i o n  o c c u r s  r a p i d l y  and a p p e a r s  t o  t a k e  p l a c e  i n  advance o f  t h e  
i n v a d i n g  nematode. The main r o l e  o f  P . p r a t e n s i s  i n  t h i s  peach 
r e p l a n t  f a i l u r e  is t o  i n c i t e  r o o t  d e g e n e r a t i o n  by p r o v i d i n g  l e s i o n e d  
a r e a s  t h a t  a r e  e a s i l y  i n f e c t e d  by s o i l  microorganisms.  A P r a t y l e n c h u s  
i n f e c t i o n  o f  a n y  r o o t  u s u a l l y  r e s u l t s  i n  secondary  i n v a s i o n  by o t h e r  
o rgan i sms .  The e f f e c t s  o f  t h e s e  s e c o n d a r y  pa thogens  on t h e  p l a n t  h o s t  
v a r y  c o n s i d e r a b l y  w i t h  t h e  s p e c i e s  o f  h o s t ,  t h e  pa thogens  i n v o l v e d ,  
and t h e i r  e f f e c t s  o n  e a c h  o t h e r .  
P .  p e n e t r a n s  is a n  o b l i g a t e  p l a n t  p a r a s i t e  which f e e d s  m a i n l y  i n  
- 
t h e  r o o t  c o r t e x .  I n  t h e  h o s t ,  c e l l s  i n  t h e  c o r t e x  a r e  broken and 
c a v i t i e s  formed. It r e p r o d u c e s  s e x u a l l y  w i t h  t h e  female  l a y i n g  e g g s  
s i n g l y  i n  t h e  r o o t s  o r  s o i l .  A l i f e  c y c l e  is completed i n  30 t o  86 
d a y s  depending on t h e  t e m p e r a t u r e .  Fusarium is  a common s o i l  fungus  
which s u r v i v e s  i n  t h e  s o i l  a s  a r e s t i n g  s t a g e ,  t h e  chlamydospore .  
These chlamydospores  a r e  s t i m u l a t e d  t o  g e r m i n a t e  and produce hyphae by 
t h e  p r e s e n c e  o f  a n u t r i e n t  s o u r c e .  I f  t h e  n u t r i e n t  s o u r c e  happens  t o  
b e  a p l a n t ,  t h e  hyphae may p e n e t r a t e  t h e  p l a n t  and p a r a s i t i z e  i t  o r  
t h e y  may l i v e  s a p r o p h y t i c a l l y  o n  s loughed o f f  p l a n t  d e b r i s .  I n  
c u l t u r e  media Fusarium s p e c i e s  produce abundant  a s e x u a l  c o n i d i a  which 
c a n  b e  used t o  e s t a b l i s h  a p o p u l a t i o n  i n  p l a n t s  o r  s o i l .  
S i n c e  Fusarium s p e c i e s  a r e  f r e q u e n t l y  i s o l a t e d  from t h e  r o o t s  o f  
a l f a l f a  (Weimer, 1927; Cormack, 1937; Willis, 1965) and s i n c e  
P .  ~ e n e t r a n s  h a s  been r e p o r t e d  t o  b e  p a t h o g e n i c  t o  a l f a l f a  (Chapman, 
- 
1958; Willis and Thompson, 19691, I dec ided  t o  s t u d y  two i n t e r a c t i o n s  
on a l f a l f a :  - P.  p e n e t r a n s  and F. oxysporum f . s p .  m e d i c a g i n i s  and 
- 
P.  p e n e t r a n s  and F. s o l a n i .  F. oxysporum is  h o s t  s p e c i f i c ,  c a u s i n g  
- - .  - 
Fusarium w i l t  o f  a l f a l f a ,  whereas  F. s o l a n i  is  a  common r o o t  r o t  
p a r a s i t e  w i t h  a  b road  h o s t  r a n g e .  
GENERAL MATERIALS AND METHODS 
A.  Source  and Maintenance o f  S tock  M a t e r i a l s  
1. A l f a l f a  P l a n t s  
The h o s t  p l a n t  used t h r o u g h o u t  t h e  p r o j e c t  was a l f a l f a ,  Medicago 
s a t i v a  L .  ' v e r n a l  ' , o b t a i n e d  from B u c k e r f i e l d ' s  Seed Company, 
Abbots fo rd ,  B. C. A l f a l f a  p l a n t s  were main ta ined  i n  a g reenhouse  a t  
Simon F r a s e r  U n i v e r s i t y ,  Burnaby,  B. C . ,  a t  18-25 C w i t h  Gro-lux l i g h t s  
supplement ing t h e  pho toper iod  t o  14  h o u r s .  A 3: 1:2 m i x t u r e  o f  
1oam:sand:peat  was used a s  t h e  p o t t i n g  medium. P r i o r  t o  use  t h e  mixed 
s o i l  was mois tened and t h e n  h e a t e d  ( 8 0  'C f o r  30 minu tes )  i n  an 
e l e c t r i c  s o i l  p a s t e u r i z e r .  Every 3-4 weeks d u r i n g  t h e  c o u r s e  o f  an 
exper iment  a commercial  20-20-20 w a t e r  s o l u b l e  f e r t i l i z e r  was added t o  
e a c h  p o t .  Two-spotted s p i d e r  m i t e s  were a problem i n  t h e  compartment 
used and p o p u l a t i o n s  were c o n t r o l l e d  on non-exper imenta l  p l a n t s  o n l y ,  
by  t r e a t m e n t  w i t h  P e n t a c  WP M i t i c i d e  (Hooker Chemical C o r p o r a t i o n )  . 
2 .  P r a t y l  enc hus pene t r a n s  
S t o c k s  o f  P. p e n e t r a n s  ( ~ o b b ,  1917) Chitwood and O t e i f a ,  1952, 
were  o b t a i n e d  from two s o u r c e s .  D r .  J . L .  Townshend o f  Canada 
A g r i c u l t u r e ,  Vineland S t a t i o n ,  O n t a r i o ,  s u p p l i e d  a x e n i c  c u l t u r e s  
r e a r e d  on a l f a l f a  c a l l u s  t i s s u e  and D r .  F.D. McElroy o f  Canada 
A g r i c u l t u r e  Research S t a t i o n ,  Vancouver, B. C . ,  s u p p l i e d  a monocu l tu re  
o f  - P.  p e n e t r a n s  i n  r e d  c l o v e r ,  h a i r y  v e t c h ,  and i n  a s s o r t e d  g r a s s  
s p e c i e s  grown i n  t u b s  o f  s o i l .  
P . p e n e t r a n s  were r e a r e d  i n  T r i f o l i u m  ~ r a t e n s e  because  t h i s  p l a n t  
- 
t o l e r a t e d  and y i e l d e d  h i g h  p o p u l a t i o n s  o f  t h i s  nematode. These s t o c k  
p l a n t s  were grown i n  10 cm d i a m e t e r  p o t s  and i n  50 X 60 cm t u b s  o f  
s o i l  under  t h e  same s o i l  and g reenhouse  c o n d i t i o n s  used f o r  
e x p e r i m e n t a l  p l a n t s .  When nematodes were r e q u i r e d ,  s t o c k  p l a n t s  were 
removed from t h e i r  c o n t a i n e r s  and a s  much s o i l  a s  p o s s i b l e  shaken from 
t h e  r o o t s ,  which were t h e n  washed g e n t l y  i n  t a p  wa te r  t o  remove 
a d h e r i n g  s o i l .  Roots were c u t  i n t o  1-2 cm l e n g t h s  and t h e  nematodes 
e x t r a c t e d  from them u s i n g  e i t h e r  a S e i n h o r s t  m i s t i f i e r  o r  a B u r r e l l  
wrist a c t i o n  s h a k e r .  The wrist a c t i o n  s h a k e r  was p r e f e r r e d  because  it 
used w a t e r  a t  room t e m p e r a t u r e  r a t h e r  t h a n  c o l d  w a t e r  from t h e  t a p  t o  
e x t r a c t  t h e  nematodes.  The warmer w a t e r  e n a b l e d  e x t r a c t i o n  o f  t h e  
m a j o r i t y  o f  nematodes i n  4 d a y s ,  whereas  t h e  c o l d  w a t e r  e x t r a c t i o n  i n  
t h e  S e i n h o r s t  m i s t i f i e r  r e q u i r e d  7-14 d a y s  f o r  e q u i v a l e n t  nematode 
r e c o v e r y .  Also ,  t h e  volume o f  w a t e r  i n  which t h e  e x t r a c t e d  nematodes 
were c o l l e c t e d  was much l e s s  w i t h  t h e  wrist a c t i o n  s h a k e r  t h a n  w i t h  
t h e  m i s t i f i e r .  
The r e s u l t i n g  nematode s u s p e n s i o n  was c o n c e n t r a t e d  u s i n g  a  s i e v e  
w i t h  37-micron a p e r t u r e s .  The c o n c e n t r a t e d  nematode suspens ion  was 
poured  o n t o  a  d i s c  o f  Whatman No.1 f i l t e r  p a p e r  which was p l a c e d  o v e r  
t h e  f i n e  ny lon  mesh o f  a  p e r s p e x  s i e v e  s t a n d i n g  on t h r e e  l e g s  i n  a 
P e t r i  d i s h  o f  t a p  w a t e r  ( s e e  F i g . 1 ) .  Ac t ive  P . p e n e t r a n s  m i g r a t e d  
th rough  t h e  f i l t e r  p a p e r  and mesh w i t h i n  24 h o u r s  r e s u l t i n g  i n  a 
F i g u r e  1 .  Pe r spex  s i e v e  a p p a r a t u s  used t o  c l e a n  aqueous  
s u s p e n s i o n s  o f  P r a t y l e n c h u s  p e n e t r a n s  t h a t  had 
been e x t r a c t e d  from a l f a l f a  r o o t s .  

d e b r i s - f r e e  s u s p e n s i o n  o f  a c t i v e ,  v i a b l e  nematodes s u i t a b l e  f o r  
e x p e r i m e n t a l  u s e .  The s o i l  t h a t  had been shaken from t h e  mature  p l a n t  
r o o t s  was seeded  a g a i n  t o  r e d  c l o v e r .  In t h i s  way t h e  i n i t i a l  s t o c k  
o f  a  s i n g l e  p o p u l a t i o n  o f  P. p e n e t r a n s  was main ta ined  and i n c r e a s e d  
c o n t i n u o u s l y  . 
3. Fusarium s p e c i e s  
Two i s o l a t e s  c f  2.  s o l a n i  (Mart  .) Sacc .  were  o b t a i n e d  from 
D r .  C.B. d i l l i s  o f  Canada A g r i c u l t u r e  Research S t a t i o n ,  C h a r l o t t e t o w n ,  
P r i n c e  Edward I s l a n d .  A c u l t u r e  o f  - F. oxysporum f . s p .  m e d i c a g i n i s  
( W e h e r )  Snyder  and Hansen was o b t a i n e d  from t h e  A i e r i c a n  Type C u l t u r e  
Col lec  t i o n .  A l l  f u n g a l  s t o c k s  were main ta ined  and s u b c u l t u r e d  on 
p o t a t o  d e x t r o s e  a g a r  s l a n t s .  Both Fusarium s p e c i e s  were main ta ined  a t  
room t e m p e r a t u r e  ( a p p r o x i m a t e l y  2 2 ' ~ )  i n  2 l i t r e  j a r s  o f  10% c o r n  meal 
s o i l  (Hawi, 1958) .  
C o n i d i a l  i n o c u l u n  o f  b o t h  Fusarium s p e c i e s  was produced by 
i n o c u l a t i n g  200 m l  o f  s t e r i l e  T o c h i n a i  b r o t h  i n  500 m l  f l a s k s  which 
were i n c u b a t e d  on a  r o t a r y  s h a k e r  a t  room t e m p e r a t u r e  f o r  5-7 d a y s .  
The c o n t e n t s  o f  t h e  f l a s k s  were then  f i l t e r e d  th rough  g a u z e ,  t h e  
f i l t r a t e  c e n t r i f u g e d ,  d e c a n t e d  and t h e  remain ing  p ropagu les  washed 
w i t h  two changes  o f  d e i o n i z e d  w a t e r .  S u s p e n s i o n s  o f  washed p r o p a g u l e s  
were used a s  inoculum i n  t h e  e x p e r i m e n t s .  
B. I n o c u l a t i o n  Procedures  
1 .  P r a t y l e n c h u s  pene t r a n s  
A f t e r  e x t r a c t i o n  from t h e  r o o t s  t h e  mean number of P. p e n e t r a n s  
i n  a known volume o f  w a t e r  was de te rmined  from t h e  number of nematodes 
i n  t h r e e  a l i q u o t s  c o u n t e d  i n  a Doncaster  c o u n t i n g  d i s h .  The 
s u s p e n s i o n  was t h e n  d i l u t e d  w i t h  t a p  wa te r  t o  a c h i e v e  t h e  d e s i r e d  
c o n c e n t r a t i o n  o f  nematodes f o r  a p a r t i c u l a r  exper iment .  Two h o l e s  3 
cm deep  were punched w i t h  a  p e n c i l  n e a r  t h e  a l f a l f a  s e e d l i n g s  and a n  
aqueous  s u s p e n s i o n  o f  a d u l t  and l a r v a l  nematodes was p i p e t t e d  i n t o  
e a c h  h o l e  which was t h e n  f i l l e d  w i t h  s o i l .  
2.  Fusarium s p e c i e s  
( a )  I n o c u l a t i o n  p r i o r  t o  s e e d i n g  
The number o f  Fusarium p r o p a g u l e s  c o n t a i n e d  i n  a known q u a n t i t y  
of t h e  i n f e s t e d  10% c o r n  meal s o i l  was e s t i m a t e d  by p l a t i n g  a d i l u t i o n  
s e r i e s  on PCNB a g a r  (Nash and Snyder ,  1962) and c o u n t i n g  t h e  
subsequen t  c o l o n i e s .  The inoculum c o n s i s t e d  o f  an amount o f  i n f e s t e d  
s o i l  which gave t h e  r e q u i r e d  i n i t i a l  d e n s i t y  o f  Fusarium p r o p a g u l e s .  
T h i s  i n f e s t e d  s o i l  was mixed w i t h  t h e  p a s t e u r i z e d  p o t t i n g  s o i l ,  p o t t e d  
and seeded w i t h  a l f a l f a .  
( b )  I n o c u l a t i o n  a f t e r  s e e d i n g  
For  i n o c u l a t i n g  ' v e r n a l  ' s e e d l i n g s ,  t h e  F u s a r i m ,  inoculum 
c o n s i s t e d  o f  p r o p a g u l e s  which were o b t a i n e d  from T o c h i n a i  b r o t h .  The 
number o f  p r o p a g u l e s  p r e s e n t  i n  t h e  s u s p e n s i o n  was e s t i m a t e d  u s i n g  a  
haemocytometer . A volume c o n t a i n i n g  t h e  r e q u i r e d  number o f  p r o p a g u l e s  
of  Fusarium was p i p e t t e d  i n t o  two 3 cm deep h o l e s  punched i n  t h e  s o i l  
n e a r  t h e  s e e d l i n g s  w i t h  a p e n c i l ,  and t h e n  f i l l e d  with s o i l .  At tempts  
were made t o  p roduce  p u r e  c u l t u r e s  o f  F u s a r i u n  chlamydospores  i n  
l i q u i d  media f o r  i n o c u l a t i o n  p u r p o s e s ,  f o l l o w i n g  t h e  p r o c e d u r e s  o f  
Q u r e s h i  and Page ( 1 9 7 0 ) ,  b u t  s u s p e n s i o n s  f r e e  o f  c o n i d i a  were n e v e r  
o b t a i n e d .  T h e r e f o r e  t h e  inoculum c o n t a i n e d  chlamydospores ,  mic ro  and 
macro c o n i d i a  and hypha l  f r a g m e n t s .  
C. O b s e r v a t i o n s  d u r i n g  Growth 
A n o n d e s t r u c t i v e  method was used t o  q u a n t i f y  t h e  e f f e c t  o f  f u n g a l  
and nematode i n o c u l a t i o n s  o n  a l f a l f a .  The h e i g h t  o f  e a c h  s e e d l i n g  was 
measured from t h e  c o t y l e d o n s  t o  t h e  end o f  t h e  p e t i o l e  a t  t h e  b a s e  o f  
t h e  youngest  open t r i f o l i a t e  l e a f .  The number o f  t r i f o l i a t e  l e a v e s  on 
t h e  p l a n t  a t  t h i s  time was r e c o r d e d .  The p roduc t  o f  t h e  number o f  
l e a v e s  and t h e  h e i g h t  o f  t h e  p l a n t  was used a s  t h e  growth index .  
Upon t e r m i n a t i o n  o f  t h e  e x p e r i m e n t s  t h e  f r e s h  we igh t  o f  t o p s ,  d r y  
we igh t  (105 C f o r  24 h o u r s )  of  t o p s ,  f r e s h  we igh t  o f  r o o t s  ( b l o t t e d  
d r y  w i t h  paper  t o w e l s ) ,  number o f  nematodes i n  t h e  r o o t s ,  and number 
of Fusarium p r o p a g u l e s  i n  t h e  r o o t s  and s o i l  was r e c o r d e d .  
The s i z e  o f  t h e  r o o t  sys tem de te rmined  t h e  method o f  c o u n t i n g  
P .  p e n e t r a n s  i n  t h e  r o o t s .  Very s m a l l  r o o t  sys tems which c o u l d  be 
-
s p r e a d  on a 5 X 8 cm g l a s s  s l i d e  were s t a i n e d  i n  a  h o t  I c o t t o n  
b l u e  i n  l a c t o p h e n o l  m i x t u r e  f o r  3 m i n u t e s ,  c l e a r e d  i n  f r e s h ,  h o t  
l a c t o p h e n o l  and mounted i n  l a c t o p h e n o l  under  a c o v e r g l a s s  (Sou they ,  
1970) .  The c l e a r i n g  p r o c e s s  t o o k  from 3 h o u r s  t o  3 d a y s  and was 
speeded by a u t o c l a v i n g  t h e  r o o t s  i n  t h e  l a c t o p h e n o l  f o r  10  m i n u t e s .  
The number o f  - P .  p e n e t r a n s  i n  t h e  r o o t s  was coun ted  under  t h e  compound 
microscope.  F ig .2  shows an example o f  - P .  p e n e t r a n s  t h a t  have i n f e c t e d  
-
a s m a l l  p o r t i o n  o f  an a l f a l f a  r o o t .  When r o o t  sys tems  were t o o  l a r g e  
t o  b e  examined by t h e  method d e s c r i b e d  a b o v e ,  a weighed sample o f  
r o o t s  was c u t  i n t o  1-2 cm l e n g t h s ,  p l a c e d  i n  a f l a s k  o f  t a p  w a t e r  and 
t h e  nematodes e x t r a c t e d  by s h a k i n g  t h e  f l a s k  f o r  4 d a y s  a t  room 
t e m p e r a t u r e  on a B u r r e l l  wrist a c t i o n  s h a k e r .  The nematodes i n  t h e  
r e s u l t i n g  s u s p e n s i o n  were c o u n t e d  i n  a  Doncas te r  c o u n t i n g  d i s h  under  a 
compound microscope.  
The number o f  Fusarium p r o p a g u l e s  i n  t h e  r o o t s  was de te rmined  by 
t h e  PCNB a g a r  t e c h n i q u e  (Nash and Snyder ,  1962).  Larger  r o o t s  were 
Figure 2.  Young a l f a l f a  r o o t  i n f e c t e d  with Pratylenchus 
pene t r ans ,  showing t h e  brown n e c r o t i c  l e s i o n s .  
Root was s t a i n e d  wi th  0.1% a c i d  fuchs in  i n  
lac tophenol .  80X mag. 

s u r f a c e  s t e r i l i z e d  by d i p p i n g  i n  70% e t h a n o l  fo l lowed by 30 seconds  i n  
Javex b l e a c h  ( a c t i v e  i n g r e d i e n t  6 %  sod iun  h y p o c h l o r i t e )  and then  
washed i n  r u n n i n g  t a p  wa te r  f o r  one minu te .  F i n e r  r o o t s  were g i v e n  
o n l y  a  momentary d i p  i n  70% e t h a n o l  followed by a wa te r  wash. A l l  
r o o t s  were hoinogenized i n  a  Waring Blendor  i n  a  0.1% a g a r  s o l u t i o n  and 
samples  from a d i l u t i o n  s e r i e s  were p l a t e d  on PCNB a g a r .  The c o l o n i e s  
of  Fusarium were compared w i t h  s t o c k  c u l t u r e s  o f  t h e  same a s e  and were 
coun ted  5-7 d a y s  af ter  p l a t i n g  ( F i g  .3) . 
D. S t a t i s t i c a l  A n a l y s i s  
A l l  d a t a  were ana lyzed  by an a n a l y s i s  o f  v a r i a n c e  and t r e a t m e n t s  
ranked u s i n g  a  S t u d e n t i z e d  r a n g e  t e s t  o r  a c c o r d i n g  t o  F i s h e r ' s  
modi f i ed  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  (LSD). A l l  t e s t s  were c a r r i e d  
o u t  f o r  a p r o b a b i l i t y  o f  P<0.05 u n l e s s  o t h e r w i s e  s t a t e d .  
Figure 3. Examples o f  Fusarium c o l o n i e s  on PCNB agar 
7 days a f t e r  p l a t i n g .  
Top. Colonies  o f  Fusarium g o l a n i .  10X mag. 
Bottom. Colonies  o f  Fusarium oxysporum f . s p .  
medicagin is  . 1 OX mag. 

EXPERIMENTS AND RESULTS 
A .  The e f f e c t  on a l f a l f a  o f  P r a t y l e n c h u s  p e n e t r a n s  and Fusarium 
oxysporum f . s p .  m q d i c a g i n i s .  
1 .  The inoculum d e n s i t i e s  o f  - P.  p e n e t r a n s  and F. oxysporum 
- 
f .  s p .  m e d i c a a i n i s  i n o c u l a t e d  s i m u l t a n e o u s l y  i n t o  s o i l  
c o n t a i n i n g  a1 f a 1  f a .  
Four inoculum l e v e l s  o f  _P. p e n e t r a n s  0 ,  200,  400, and 800 
nematodes ( d e s i g n a t e d  N1, N2, N3, and N4 r e s p e c t i v e l y )  , and f o u r  
l e v e l s  o f  - F. oxysporurn 0 ,  ~ X I O * ,  5 x 1 0 ~  , and 5 x 1 0 ~  s p o r e s  ( d e s i g n a t e d  
F1, F2,  F3,  and F4 r e s p e c t i v e l y ) ,  were combined i n  s i x t e e n  t r e a t m e n t  
combina t ions  e a c h  o f  which was r e p l i c a t e d  f i v e  t i m e s .  Each r e p l i c a t e  
was a 7.5 cm d iamete r  po t  o f  s o i l  c o n t a i n i n g  two a l fa l fa  s e e d l i n g s .  
P l a n t s  were grown f o r  8 5  d a y s  from J a n u a r y  t o  A p r i l ,  1975. Both 
p a t h o g e n s  were i n o c u l a t e d  a s  aqueous  s u s p e n s i o n s  i n t o  t h e  s o i l  when 
t h e  p l a n t s  were 15  d a y s  o l d .  Growth i n d i c e s  were r e c o r d e d  weekly f o r  
e a c h  s e e d l i n g .  These measurements were d i s c o n t i n u e d  a f t e r  54 days  o f  
growth because  t h e  p l a n t s  began t o  b r a n c h ,  d r o p  o l d e r  l e a v e s ,  and 
produce l e a v e s  o f  v a r y i n g  s i z e s ,  t h e r e b y  c o n t r i b u t i n g  i n c o n s i s t e n t  
b a s e s  f o r  t h e  g rowth  i n d i c e s .  A t  t e r m i n a t i o n  o f  t h e  exper iment  t h e  
p l a n t s  were l i f t e d ,  t h e  we igh t  o f  t o p s  and r o o t s  de te rmined  and t h e  
f i n a l  p o p u l a t i o n  o f  nematodes and fungus  e s t i m a t e d .  
A commonly obse rved  symptom o f  F. oxysporum-infected a l f a l f a  was 
- 
a  r e d d i s h  d i s c o l o r a t i o n  o f  t h e  l o w e r  l e a v e s  fo l lowed by c h l o r o s i s  and 
n e c r o s i s .  A P. p e n e t r a n s  i n f e c t i o n  caused  s e v e r e  s t u n t i n g  o f  t h e  
- 
p l a n t s  b u t  l i t t l e  d i s c o l o r a t i o n  o f  t h e  f o l i a g e .  The p r e s e n c e  o f  b o t h  
pa thogens  c a u s e d  d i s c o l o r a t i o n  and s t u n t & @ ; .  Root sys tems  i n f e s t e d  
w i t h  P. p e n e t r a n s  were reduced  i n  s i z e  w i t h  many d a r k  brown t o  b l a c k  
l e s i o n s .  Older  r o o t s  o f  a l f a l f a  i n f e c t e d  w i t h  F. oxysporum appeared 
- 
o n l y  s l i g h t l y  d i s c o l o r e d  on t h e i r  s u r f a c e ,  b u t  when c u t  l o n g i t u d i n a l l y  
a  r e d d i s h  brown d i s c o l o r a t i o n  o f  t h e  v a s c u l a r  sys tem was r e v e a l e d  
( F i g  .4 1. The fungus  and nematode s i g n i f i c a n t l y  reduced t h e  f r e s h  
we igh t  o f  t o p s  e i t h e r  a l o n e  o r  i n  c o m b i n a t i o n ,  and i n  p r o p o r t i o n  t o  
i n c r e a s i n g  inoculum d e n s i t i e s  ( T a b l e  I; F i g s . 5 b  and 6 b )  . The 
r e d u c t i o n  i n  f r e s h  w e i g h t  o f  t o p s ,  when e x p r e s s e d  a s  a  p e r c e n t a g e  o f  
t h e  u n i n o c u l a t e d  c o n t r o l  ( N I F I )  was 31% and 28% f o r  t r e a t m e n t s  N1F4 
and N4F1 r e s p e c t i v e l y  ( T a b l e  I ) .  I n  t r e a t m e n t  N4F4 t h e  r e d u c t i o n  i n  
t o p  weight  was 69%. T h i s  r e d u c t i o n  i s  s i g n i f i c a n t l y  g r e a t e r  than  t h a t  
r e s u l t i n g  from t h e  sum o f  t h e  r e d u c t i o n s  caused  by e i t h e r  pathogen 
a l o n e  i n  N1F4 o r  N4F1. R e d u c t i o n s  i n  d r y  we igh t  o f  t o p s  ( T a b l e  I)  
were  s i m i l a r  t o  t h e  r e d u c t i o n s  i n  f r e s h  we igh t  o f  t o p s .  Where b o t h  
pa thogens  were i n o c u l a t e d  s i m u l t a n e o u s l y  a t  e a c h  o f  t h e i r  hTghest  
l e v e l s  (N4F4),  t h e  r e d u c t i o n  i n  d r y  w e i g h t  o f  t o p s  was g r e a t e r  than  
t h e  sum o f  t h e  r e d u c t i o n s  c a u s e d  by e i t h e r  pathogen a l o n e  ( T a b l e  I ) .  
The f r e s h  we igh t  o f  r o o t s  was a l s o  d e c r e a s e d  s i g n i f i c a n t l y  and i n  
p r o p o r t i o n  t o  i n c r e a s i n g  inoculum o f  P. p e n e t r a n s  and F. o x y s p o r m  
- - 
( F i g s . 5 a  and 6 a ) .  The e f f e c t  on f r e s h  we igh t  o f  r o o t s  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  o n  f r e s h  we igh t  o f  t o p s .  Fur the rmore ,  t h e  
nematode i n o c u l a  caused  a s i g n i f i c a n t l y  g r e a t e r  d e c r e a s e  i n  y i e l d  o f  
r o o t s  t h a n  d i d  t h e  f u n g a l  i n o c u l a  ( F i g s .  5 a  and 6 a )  . 
An a n a l y s i s  o f  v a r i a n c e  o f  t h e  growth i n d i c e s  r e c o r d e d  weekly 
d u r i n g  t h e  f i r s t  54 d a y s  (Appendix A )  i n d i c a t e d  t h a t  - F. oxysporum ( a t  
P<0.1)  and - P .  p e n e t r a n s  ( a t  P<0.05)  s i g n i f i c a n t l y  d e c r e a s e d  s e e d l i n g  
growth.  The combined inoculum i n  t h e  M4F4 t r e a t m e n t  slowed t h e  growth 
r a t e  o f  t h e  p l a n t s  s i g n i f i c a n t l y  a s  compared w i t h  c o n t r o l s  and w i t h  
t h e  N1F4 t r e a t m e n t  ( T a b l e  11). Growth r a t e s  f o r  p l a n t s  i n  t h e  N4F1 
and N1F4 t r e a t m e n t s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from e a c h  o t h e r  
o r  from t h e  c o n t r o l s .  The s i z e  o f  t h e  inoculum o f  one pathogen d i d  
n o t  s i g n i f i c a n t l y  a f f e c t  t h e  f i n a l  p o p u l a t i o n  o f  t h e  o t h e r  pathogen 
( T a b l e  11). 
Table  I: Weight o f  a l f a l f a  r o o t s  and top 's ,  8 5  d a y s  a f t e r  s e e d i n g ,  
from p o t s  i n o c u l a t e d  s i m u l t a n e o u s l y  w i t h  P r a t y l e n c h u s  
p e n e t r a n s  (N) and Fusar ium oxysporum ( F ) .  (Mean of 5)  
TREATMENT* TOPS ROOTS 
F r e s h  % Dry % F r e s h  % 
Weight Reduct ion Weight Reduct ion Weight Reduct ion 
(gal (gml (gm > 
F4 0.37 68.6 0 .070 67.7 0.62 64.2 
f o r  P<0.05 LSD=O. 33 LSD=0.06 LSD=O. 39 
* Number o f  nematodes Nl=O, N2.200, N3=400, N4=800, 
Number o f  f u n g a l  p r o p a g u l e s  F1.0, ~ 2 = 5 ~ 1 0 ~ ,  ~ 3 = 5 ~ 1 0 ~ ,  ~ 4 . 5 ~ 1 0 ~  
Table  11: E f f e c t  o f  i n i t i a l  inoculum l e v e l s  o f  Pratyl .enchus 
p e n e t r a n s  (N) and Fusarium oxysporurn ( F )  on t h e  
growth o f  a l f a l f a  s e e d l i n g s  and on t h e  f i n a l  
p o p u l a t i o n  o f  nematodes pe r  gram f r e s h  we igh t  o f  r o o t s  
and o f  f u n g a l  p r o p a g u l e s  p e r  gram d r y  we igh t  o f  s o i l ,  
85 d a y s  a f t e r  s e e d i n g .  
Treatment*  Number of P ropagu les  o f  
Growth . p e n e t r a n s  - F .oxysporum 
Rate  (mean of 5 )  (mean o f  5 )  
* Number o f  nematodes N1=0, N2=200, N3=400, ~ 4 = 8 0 0  
Number o f  f u n g a l  p r o p a g u l e s  F1=0, F2=5x105, F3=5x106, F4=5x107 
Figure  14. Roots o f  a l f a l f a  un infec ted  ( l e f t )  and i n f e c t e d  
( r i g h t )  wi th  Fusarium oxysporum f . s p .  medicagin is .  
The i n f e c t e d  r o o t  shows c h a r a c t e r i s t i c  darkening o f  
t h e  v a s c u l a r  system a s s o c i a t e d  wi th  Fusarium w i l t .  

Figure  5.  The r e g r e s s i o n  o f  f r e s h  weight y i e l d s  o f  r o o t s  
and t o p s  o f  a l f a l f a  on t h e  Pratylenchus pene t rans  
inoculum . 
P. penetrans INOCULUM LOG ( X+1 ) 
Figure 6 .  The r e g r e s s i o n  o f  f r e s h  weight y i e l d s  o f  r o o t s  
and t o p s  o f  a l f a l f a  on t h e  Fusarium oxysporum 
f . s p ,  medicagin is  inoculum. 
Iii 
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F. OXYSPORUM INOCULUM LO,G 1, ( X+1 ) 
2.  I n o c u l a t i o n  o f  a l f a l f a  w i t h  - P. p e n e t r a n s  p r i o r  t o  
F. oxysporum f . s p .  m e d i c a g i n i s .  
- 
Four t r e a t m e n t s  were compared,  e a c h  w i t h  t e n  r e p l i c a t e s .  Each 
r e p l i c a t e  was a 7 . 5  cm d iamete r  po t  o f  s o i l  c o n t a i n i n g  two a l f a l f a  
s e e d l i n g s .  The f o u r  t r e a t m e n t s  were an  u n i n o c u l a t e d  c o n t r o l ,  
P. p e n e t r a n s ,  F. oxysporum, and P. p e n e t r a n s  fo l lowed by F. oxysporum. 
- - - - 
Eleven days  a f t e r  s e e d i n g  a  4 m l  aqueous  s u s p e n s i o n  o f  P. p e n e t r a n s  
- 
c o n t a i n i n g  a p p r o x i m a t e l y  1400 nematodes was i n o c u l a t e d  i n t o  t h e  s o i l  
o f  e a c h  p o t  r e c e i v i n g  t h i s  t r e a t m e n t .  Seven days  l a t e r  2 .25  X lo7  
p r o p a g u l e s  o f g .  oxysporum i n  5 m l  o f  wa te r  were i n o c u l a t e d  i n t o  e a c h  
p o t  r e c e i v i n g  t h i s  t r e a t m e n t .  Upon t e r m i n a t i o n  o f  t h e  e x p e r i m e n t ,  80 
days  a f t e r  s e e d i n g ,  t h e  p l a n t s  were l i f t e d ,  t h e  weight  o f  t h e  t o p s  and 
r o o t s  de te rmined  and t h e  f i n a l  p o p u l a t i o n  o f  t h e  nematodes and fungus 
e s t i a a t e d .  
When compared w i t h  c o n t r o l s ,  e a c h  o f  t h e  i n o c u l a t e d  t r e a t m e n t s  
s i g n i f i c a n t l y  reduced  t h e  f r e s h  we igh t  o f  r o o t s  ( T a b l e  111). 
P. pene t r a n s  c a u s e d  a  s i g n i f i c a n t l y  g r e a t e r  r e d u c t i o n  i n  r o o t  w e i g h t s  
- 
t h a n  - F. oxysporum. Root w e i g h t s  were reduced  more by t h e  combined 
t r e a t m e n t s  t h a n  by 1. oxysporum, b u t  n o t  more than  by P. , p e n e t r a n s  
- 
 able 111). - F. oxysporum reduced t h e  f r e s h  weight  o f  t o p s  24% o v e r  
t h e  c o n t r o l s ,  b u t  t h i s  was n o t  s i g n i f i c a n t  a t  P<0.05. P. p e n e t r a n s  
- 
s i g n i f i c a n t l y  reduced  t h e  f r e s h  we igh t  o f  t o p s  by  54%,  a s  compared t o  
c o n t r o l s .  The combined t r e a t m e n t  reduced '  t h e  t o p  weight  by 668, more 
than  e i t h e r  pathogen a l o n e .  The p e r c e n t  r e d u c t i o n  i n  d r y  we igh t  o f  
t o p s  caused by t h e  i n o c u l a t e d  t r e a t m e n t s  was s i m i l a r  t o  t h e  r e d u c t i o n  
o f  f r e s h  we igh t  y i e l d s  o f  t o p s  ( T a b l e  1 1 1 ) .  
The growth o f  t h e  p l a n t s  i n o c u l a t e d  w i t h  - F. oxysporum a l o n e  began 
t o  s low when t h e  p l a n t s  were abou t  one month o l d  o r  abou t  2 weeks 
a f t e r  i n o c u l a t i o n  w i t h  t h e  fungus  ( T a b l e  IV) .  I n  t h e  combined 
t r e a t m e n t  a  d e c l i n e  i n  g rowth  o v e r  and above t h a t  caused  by 
P .  p e n e t r a n s  d i d  n o t  become e v i d e n t  u n t i l  t h e  p l a n t s  were 39-46 days  
- .  
o l d  (28-35 days  a f t e r  i n o c u l a t i o n ) .  By t h e  time t h e  s e e d l i n g s  were 53 
d a y s  o l d  e a c h  i n o c u l a t e d  t r e a t m e n t  had a  s i g n i f i c a n t l y  s m a l l e r  growth 
i n d e x  t h a n  t h e  u n i n o c u l a t e d  c o n t r o l .  Growth i n d i c e s  were af f e c  t e d  
s i g n i f i c a n t l y  o n l y  by - P .  p e n e t r a n s ,  a s  i n d i c a t e d  by a n a l y s i s  o f  
v a r i a n c e  o f  growth i n d i c e s  o b t a i n e d  th roughout  t h e  exper iment  ( T a b l e  
IV), and by r e g r e s s i o n  o f  g rowth  i n d i c e s  o n  a g e  o f  s e e d l i n g s  ( F i g . 7 ) .  
The growth r a t e  was n o t  r educed  more by t h e  combined t r e a t m e n t  than  by 
t h e  1. p e n e t r a n s  t r e a t m e n t  ( T a b l e  I V ;  F i g  . 7 ) .  
The number o f  1. p e n e t r a n s  e x t r a c t e d  from t h e  r o o t s  o f  s e e d l i n g s  
i n o c u l a t e d  w i t h  - P .  p e n e t r a n s  and - F. oxysporum t o g e t h e r  d i d  n o t  d i f f e r  
from t h e  number e x t r a c t e d  from t h e  r o o t s  i n o c u l a t e d  w i t h  t h e  nematode 
a l o n e  ( T a b l e  V). No s i g n i f i c a n t  d i f f e r e n c e  was found i n  t h e  number o f  
F .  o x y s p o r m  p r o p a g u l e s  i n  r o o t s  o r  s o i l  w i t h  o r  wi thou t  p r i o r  
- .  
P . p e n e t r a n s  i n o c u l a t i o n .  
d 
Table  111: Weights of r o o t s  and t o p s ,  80 days  a f t e r  s e e d i n g ,  from 
u n i n o c u l a t e d  c o n t r o l s  and from p o t s  i n o c u l a t e d  w i t h  
P r a t y l e n c h u s  p e n e t r a n s  ( P )  and Fusarium oxysporum (F) 
a l o n e  and i n  sequence .  (Mean o f  10 r e p l i c a t e s )  
--- 
TREATMENT TOPS ROOTS 
F r e s h  % Dry $ F r e s h  % 
Weight Reduct ion Weight Reduction Weight Reduct ion 
(gm) (gm) (gm) 
C o n t r o l  0.35 0 0.071 0 0.45 0 
f o r  P<0.05 LSD=0.12 LSD=O. 02 LSD=O. 08 
Tab le  I V :  Growth i n d i c e s  and  g r o w t h  r a t e s  f o r  a l f a l f a  s e e d l i n g s  
i n o c u l a t e d  w i t h  P r  a t y l e n c h u s  pene t r a n s  ( P )  and Fusar ium 
oxysporum ( F )  a l o n e  and i n  s e q u e n c e .  (Mean 2 S.E.) 
TREATMENT DAYS AFTER SEEDING GROWTH 
18 2 5 32 3 9 46 5 3 RATE 
CONTROL 3.8-1-0.2 10.9G.6 16.99.9 21.121.5 26.121.4 31.73.0 0.75 a* 
* a n y  two t r e a t m e n t s  w i t h  d i f f e r e n t  l e t t e r  d e s i g n a t i o n s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  P<O.O5. 
Table  V :  Number of p r o p a g u l e s  o f  Fusariurn oxysporum recovered  p e r  gram 
f r e s h  we igh t  o f  r o o t  and p e r  gram d r y  we igh t  o f  s o i l  and 
t h e  number o f  P r a t y l e n c h u s  p e n e t r a n s  pe r  gram f r e s h  we igh t  
o f  r o o t  a f t e r  a r t i f i c i a l  i n o c u l a t i o n  o f  a l f a l f a  s e e d l i n g s .  
(Mean 4 S . E . )  
-- --- 
Treatment  Number o f  Number o f  1. oxysporum 
P. p e n e t r a n s  
- 
Roots S o i l  
C o n t r o l  0  0  0 
P. p e n e t r a n s  
- 
p r i o r  t o  1744~437 1 . 2 ~ 1 0 ~ ~ 5 ~ 6 ~ 1 0 ~  1 . 9 ~ 1 0 ~ ~ 1  .5x102 
i n i t i a l  nematode inoculum = 1400 . p e n e t r a n s  S i n i t i a l  f u n g a l  inoculum = 2.25X10 propagu les  
F i g u r e  7. The e f f e c t  o f  P r a t y l e n c h u s  p e n e t r a n s  and 
Fusarium oxysporum f . s p .  m e d i c a g i n i s  
t r e a t m e n t s  on t h e  growth r a t e  o f  a l fa l fa  
s e e d l i n g s .  
Regress ion  o f  growth i n d e x  on d a y s  a f t e r  s e e d i n g  
f o r  s e e d l i n g s  i n o c u l a t e d  w i t h  ( A )  C o n t r o l s ,  
( B )  - F. oxysporum, (C) P. p e n e t r a n s ,  and 
- 
( D )  P.  p e n e t r a n s  and F. oxysporum combined. 
- - 






Y = -3.85 + 0.384~ and 0 F. oxysporurn 
0 0 
18 25 32 39 46 53 
DAYS AFTER SEEDING 
3. I n o c u l a t i o n  o f  a l f a l f a  w i t h  - F. k oxysporum f . s p .  m e d i c a g i n i s  
p r i o r  t o  - .  P .  p e n e t r a n s .  
Four t r e a t m e n t s  were compared,  e a c h  w i t h  t e n  r e p l i c a t e s .  Each 
r e p l i c a t e  c o n s i s t e d  o f  a  7.5 cm d iamete r  p o t  o f  s o i l  c o n t a i n i n g  two 
a l f a l f a  s e e d l i n g s .  The f o u r  t r e a t m e n t s  were a n  u n i n o c u l a t e d  c o n t r o l ,  
P .  p e n e t r a n s ,  F. oxysporum, and F. oxysporum fo l lowed  by P. p e n e t r a n s .  
- - .  - - 
F. oxysporum was i n o c u l a t e d  by mix ing  5 gm o f  s o i l  which c o n t a i n e d  
- 
2 . 5 ~ 1 0 ~  p r o p a g u l e s ,  w i t h  t h e  s o i l  o f  e a c h  p o t  t o  b e  t r e a t e d  w i t h  
Fusarium. The a l f a l f a  s e e d s  were sown and  18 days  l a t e r  t h o s e  p o t s  t o  
b e  t r e a t e d  w i t h  nematodes were i n o c u l a t e d  w i t h  a n  aqueous  s u s p e n s i o n  
c o n t a i n i n g  a p p r o x i m a t e l y  1400 2. p e n e t r a n s  a t  v a r i o u s  s t a g e s  o f  
development .  
S i x t y - e i g h t  d a y s  a f t e r  s e e d i n g  t h e  r o o t s  o f  t h e  p l a n t s  which were 
i n f e c t e d  w i t h  - P. p e n e t r a n s  weighed s i g n i f i c a n t l y  l e s s  t h a n  t h e  r o o t s  
o f  u n i n o c u l a t e d  p l a n t s  o r  p l a n t s  i n o c u l a t e d  w i t h  E. oxysporum a l o n e  
( T a b l e  V I ) .  The p l a n t  r o o t s  which were i n o c u l a t e d  w i t h  b o t h  t h e  
fungus  and nematode weighed s i g n i f i c a n t l y  l e s s  (P<O. 1 ) t h a n  d i d  t h o s e  
o f  o t h e r  t r e a t m e n t s .  
P. p e n e t r a n s  d e c r e a s e d  t h e  f r e s h  we igh t  o f  t o p s  s i g n i f i c a n t l y  
- 
more than  c o n t r o l s  whereas  - F. oxysporum d i d  n o t  ( T a b l e  VI). The 
combined inoculum s i g n i f i c a n t l y  d e c r e a s e d  t h e  f r e s h  we igh t  o f  t o p s  
more than t h e  sum o f  t h e  r e d u c t i o n s  by b o t h  P .  p e n e t r a n s  and 
- 
F. oxysporum a l o n e .  The p e r c e n t  r e d u c t i o n  i n  d r y  weigh t  o f  t o p s  by 
- 
t h e  i n o c u l a t e d  t r e a t m e n t s  was s i m i l a r  t o  t h e  r e d u c t i o n  i n  t h e  f r e s h  
weight  o f  t o p s .  P .  p e n e t r a n s  a l o n e  caused a  g r e a t e r  p e r c e n t  r e d u c t i o n  
- 
i n  t h e  f r e s h  weigh t  o f  r o o t s  t h a n  i n  t h e  f r e s h  weight  o f  t o p s ,  b u t  t h e  
r e d u c t i o n s  i n  r o o t  and t o p  weigh t s  from t h e  combined t r e a t m e n t  were 
n o t  d i f f e r e n t  ( T a b l e  V I )  . 
P l a n t  s i z e  was s i g n i f i c a n t l y  reduced by P .  p e n e t r a n s  as compared 
- 
w i t h  c o n t r o l s  and  t h i s  was r e f l e c t e d  i n  t h e  mean growth index  o f  t h e  
s e e d l i n g s  52 d a y s  af ter  s e e d i n g  ( T a b l e  V I I ) .  A t  t h a t  time t h e  
combined t r e a t m e n t  had a s i g n i f i c a n t l y  lower  growth index t h a n  a l l  
o t h e r  t r e a t m e n t s .  The mean growth i n d i c e s  a r e  graphed i n  Fig .8 .  
During t h e  e x p e r i m e n t ,  d e a t h  o f  s e e d l i n g s  occur red  o n l y  i n  t r e a t m e n t s  
i n o c u l a t e d  w i t h  b o t h  t h e  fungus  and nematode. The growth o f  a l f a l fa  
s e e d l i n g s  i n f e c t e d  w i t h  F. oxysporum a l o n e  was similar t o  t h a t  o f  
- 
c o n t r o l  p l a n t s  ( F i g . 8 ) .  A r e g r e s s i o n  o f  t h e  t r e a t e d  s e e d l i n g s  on age  
o f  s e e d l i n g s  showed t h a t  o n l y  t h e  t r e a t m e n t s  c o n t a i n i n g  - P. p e n e t r a n s  
s i g n i f i c a n t l y  reduced t h e  growth r a t e  o f  t h e  a l f a l f a  s e e d l i n g s  o v e r  
t h e  d u r a t i o n  o f  t h e  exper iment  (F ig .9  and Table  V I I )  . The a n a l y s i s  o f  
v a r i a n c e  on t h e  growth o f  t h e  s e e d l i n g s  d u r i n g  e a c h  t r e a t m e n t  
i n d i c a t e d  t h a t  b o t h  - F. oxysporum and 1. p e n e t r a n s  c o n t r i b u t e d  
s i g n i f i c a n t l y  t o  r e d u c e  t h e  growth o f  a l f a l f a  s e e d l i n g s .  
S i g n i f i c a n t l y  g r e a t e r  numbers o f  - F. oxysporum propagu les  were 
found i n  t h e  r o o t s  o f  p l a n t s  i n f e c t e d  w i t h  P .  p e n e t r a n s  than  i n  t h e  
- 
absence  o f  1. p e n e t r a n s  ( T a b l e  V I I I ) .  The nurnber o f  P .  p e n e t r a n s  
- 
e x t r a c t e d  from r o o t s  i n f e c t e d  w i t h  F. oxysporWn was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from t h e  number e x t r a c t e d  when F. oxysporum was a b s e n t .  
- 
Table  V I :  Weight o f  r o o t s  and t o p s  o f  a l f a l f a ,  68 days  a f t e r  s e e d i n g ,  
from u n i n o c u l a t e d  c o n t r o l s  and from t h o s e  i n o c u l a t e d  w i t h  
P r a t y l e n c h u s  p e n e t r a n s  and Fusarium oxysporum a l o n e  and i n  
sequence.  (Mean of 10 r e p l i c a t e s )  
TREATMENT TOPS d ROOTS 
F r e s h  % Dry % F r e s h  % 
Weight Reduct ion Weight Reduct ion Weight Reduct ion 
(gm) (gm) 
C o n t r o l  0.17 0 0.042 0 0.35 0 
F.oxysporum 
- 
p r i o r  t o  0.05 70 3 0.013 69.1 0.11 68.8 
P . p e n e t r a n s  
- 
f o r  P<0.05 LSD=O. 05 LSD=O .O1 LSD=O. 07 
Table  VII: The growth i n d i c e s  and growth r a t e s  f o r  a l f a l f a  s e e d l i n g s  
i n o c u l a t e d  w i t h  P r a t y l e n c h u s  p e n e t r a n s  ( P )  and F u s a r i u !  
oxysporum ( F )  a l o n e  and i n  sequence .  (Mean 5 S.E. ) 
TREATMENT DAYS AFTER SEEDING GROWTH 
2 4 3 1 3 8 4 5 52 RATE 
C o n t r o l  8.4+1.1 16.321.2 25.121.6 32.922.1 42.553.3 1.16 a* 
P 5.420.8 10.521.2 14.921.0 18.221.6 2 1 . 9 ~ 2 . 8  0.49 b  
F 6.7+1.0 14.5+1.1 2 3 . 1 2 . 0  31.422.8 3 8 . 1 ~ 2 . 7  1.14 a  
F+P 4.4fl.6 8.821.2 11.7+-1.3 12.222.6 12.222.7 0.32 b 
* any two t r e a t m e n t s  w i t h  d i f f e r e n t  l e t t e r  d e s i g n a t i o n s  have 
s i g n i f i c a n t l y  d i f f e r e n t  g rowth  r a t e s  a t  P<0.05. 
Table  V I I I :  The number o f  Fusarium oxysporum propagu les  per  
we igh t  o f  r o o t  and pe? gram d r y  we igh t  o f  s o i l ,  
number o f  P r a t y l e n c h u s  ~ e n e t r a n s  per gram f r e s h  
r o o t  (Mean + S.E. ) f r o n  p o t s  i n o c u l a t e d  w i t h  P. 
( P )  and F. oxvsporuti  ( F )  a l o n e  and i n  sequence .  
gram f r e s h  
and t h e  
we igh t  o f  
p e n e  t r a n  s 
Treatment  - P ,  .pene t r a n s  - F. oxysporum 
Roots So il 
Cont ro l  0 0 4.523.7 
P 8390~1153  0 46.6223.4 
F 0 4 . 6 ~ 1 0 ~ + 6 . g ~ 1 0 ~  2.0x104+8.7~103 




F i g u r e  8. The p a t t e r n  o f  growth o f  a l f a l f a  s e e d l i n g s  in fec tec  
w i t h  P r a t y l e n c h u s  p e n e t r a n s  and Fusarium oxysporum 
f . s p .  m e d i c a g i n i s  a s  measured by t h e  growth i n d e x .  
CONTROL 
PRA TYLENCHUS PENETRAN 
PRA TYLENCHUS AND 
FUSA RlUM 
0 24 31 38 45 52 
DAYS AFTER SEEDING 
F i g u r e  9 .  The e f f e c t  o f  P r a t y l e n c h u s  p e n e t r a n s  and Fusarium 
oxysporum f . s p .  m e d i c a g i n i s  on t h e  growth r a t e  o f  
a l f a l f a  s e e d l i n g s  i n o c u l a t e d  a l o n e  and i n  sequence .  
Regress ion  o f  growth i n d e x  on d a y s  a f t e r  s e e d i n g  
f o r  (A) c o n t r o l s ,  ( B )  F. oxysporum, (C) - P .  p e n e t r a n s ,  











B. Tne e f f ec t s  o f  Pratylenchus penetrans and Fusarium solani  
on a l f a l f a .  
42. 
1. The inoculum d e n s i t i e s  o f  - P .  p e n e t r a n s  and z. s o l a n i  i n o c u l a t e d  
s i m u l t a n e o u s l y  i n t o  s o i l  c o n t a i n i n g  a l f a l f a .  
Four inoculum l e v e l s  o f  - P .  p e n e t r a n s  0 ,  200,  400, and 800 
nematodes ( d e s i g n a t e d  N1, N2, N3 and N4 r e s p e c t i v e l y )  , and four  
inoculum l e v e l s  o f  - -  F. s o l a n i ,  0 ,  l x l o 5 ,  1x106, and 1 x 1 0 ~  p r o p a g u l e s  
( d e s i g n a t e d  F1, F2, F3 and F4 r e s p e c t i v e l y )  , were combined i n  s i x t e e n  
t r e a t m e n t  c o m b i n a t i o n s  and r e p l i c a t e d  f i v e  t i m e s .  Each r e p l i c a t e  was 
a  7 .5  cm d iamete r  po t  o f  s o i l  c o n t a i n i n g  two a l f a l f a  s e e d l i n g s .  P o t s  
were i n o c u l a t e d  when s e e d l i n g s  were 10 days  o l d .  Growth i n d i c e s  were 
r e c o r d e d  weekly from t h e  time o f  i n o c u l a t i o n  u n t i l  t h e  p l a n t s  were 70 
d a y s  o l d .  The exper iment  r a n  f o r  84 d a y s  from November 1974 t o  
January  1975. A t  t e r m i n a t i o n  t h e  p l a n t s  were l i f t e d ,  t h e  we igh t  o f  
t h e  t o p s  and r o o t s  d e t e r m i n e d ,  and t h e  f i n a l  p o p u l a t i o n  o f  nematodes 
and the  fungus  e s t i m a t e d .  The symptoms o f  - P .  p e n e t r a n s  i n f e c t i o n  were 
* 
t h e  same a s  f o r  o t h e r  e x p e r i m e n t s .  No symptoms o f  an i n f e c t i o n  by 
F. s o l a n i  were o b s e r v e d .  Growth t y p i c a l  o f  e a c h  t r e a t m e n t  a t  
- -  
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  i s  i l l u s t r a t e d  i n  Fig.10.  
The f r e s h  we igh t  o f  r o o t s  was reduced  t o  50% o f  t h e  c o n t r o l  
(N1F1) r o o t  we igh t  by t r e a t m e n t s  N2F1 and N3F1, and 73% by  N4F1 ( T a b l e  
F. s o l a n i  a l o n e  a t  a n y  inoculum l e v e l  d i d  n o t  c a u s e  a  1x1. -
s i g n i f i c a n t  r e d u c t i o n  i n  t h e  f r e s h  we igh t  o f  r o o t s  when compared w i t h  
c o n t r o l s ,  and t h i s  was a l s o  i n d i c a t e d  by t h e  r e g r e s s i o n  o f  f r e s h  
43. 
weight  o f  r o o t s  on t h e  inoculum l e v e l s  o f  1. so lan j .  used.  A s  t h e  
inoculum o f  P.  p e n e t r a n s  i n c r e a s e d ,  t h e  f r e s h  we igh t  o f  t h e  r o o t s  
d e c r e a s e d  ( F i g . 1  l a ) .  Reduc t ions  i n  r o o t  w e i g h t s  by t h e  N1F1, N2F1, 
N3F1, and N4F1 t r e a t m e n t s  were 0 ,  5 0 ,  50 and 80% o f  c o n t r o l s  
r e s p e c t i v e l y .  
The f r e s h  and d r y  w e i g h t  o f  t o p s  was s i g n i f i c a n t l y  reduced  by 
P. p e n e t r a n s  b u t  n o t  by F .  s o l a n i .  I n c r e a s i n g  
- - -  
P .  p e n e t r a n s  from 0 t o  800 nematodes s i g n i f i c a n t l y  
- 
weigh t  o f  t o p s  from 0 t o  73% o f  c o n t r o l s  ( T a b l e  I X ;  
t h e  inoculum o f  
r educed  t h e  f r e s h  
F i g . l l b ) .  F r e s h  
we igh t  o f  t o p s  were n o t  r educed  more by  s i m u l t a n e o u s  i n o c u l a t i o n  w i t h  
F. s o l a n i  and 2. p e n e t r a n s  than  by i n o c u l a t i o n  w i t h  E. p e n e t r a n s  a l o n e  
-
( T a b l e  Ix). 
An a n a l y s i s  o f  v a r i a n c e  o f  t h e  g rowth  i n d i c e s  r e c o r d e d  th roughout  
t h e  exper iment  i n d i c a t e d  t h a t  - P. p e n e t r a n s  c o n t r i b u t e d  t o  a 
s i g n i f i c a n t  (P<0.01)  d e c r e a s e  i n  t h e  g rowth  o f  s e e d l i n g s  (Appendix B)  , 
whereas  1. s o l a n i  d i d  n o t .  Growth r a t e s  f o r  t r e a t m e n t s  N4F1, N1F4, 
and N4F4, were compared w i t h  t h e  g rowth  r a t e  o f  c o n t r o l  s e e d l i n g s  
( F i g . 1 2 ) .  Only t h o s e  p l a n t s  t h a t  had - P. p e n e t r a n s  i n  t h e i r  t r e a t m e n t  
had g rowth  r a t e s  s i g n i f i c a n t l y  reduced  ( T a b l e  X ) .  
I n  a l l  t r e a t m e n t s  where - P.  p e n e t r a n s  was i n o c u l a t e d  w i t h  
F. s o l a n i  t h e  number o f  1. p e n e t r a n s  e x t r a c t e d  from t h e  r o o t s  was l e s s  
- -  
than  when - P. p e n e t r a n s  was i n o c u l a t e d  a l o n e ,  b u t  o n l y  i n  t h e  N4F4 
t rea tment  was t h i s  decrease  s i g n i f i c a n t  a t  P<0.05 (Table X). The 
number of propagules of _F. s o l a n i  recovered from the s o i l  was n o t  
s i g n i f i c a n t l y  changed by t h e  presence of  - P .  wenetrans i n  t h e  r o o t s  
(Table X) . 
Table  I X :  Weight o f  r o o t s  and t o p s ,  84 days  a f t e r  s e e d i n g ,  from p o t s  
i n o c u l a t e d  s i m u l t a n e o u s l y  w i t h  P r a t y l e n c h u s  p e n e t r a n s  (N) 
and Fusarium s o l a n i  ( F ) .  (Mean o f  5  r e p l i c a t e s )  
TREATMENT* TOPS + L 
F r e s h  % D r  Y k F r e s h  % 
Weight Reduct ion Weight Reduct ion Weight Reduct ion 
(gm) (gm) (gm > 
f o r  P<0.05 LSD=O .14 LSD=0.019 LSD=O .12 
* number o f  nematodes N1=0, N2=200, N3=400, N4=800 
number o f  f u n g a l  p r o p a g u l e s  F1=0, F 2 = 1 ~ 1 0 ~ ,  F 3 = 1 ~ 1 0 ~ ,  4 = 1 ~ 1 0 ~  
Table X :  Comparison o f  t h e  f i n a l  number o f  propagules  o f  Fusarium 
s o l a n i  ( F )  i n  t h e  soil, t h e  number o f  Pratylenchus pene t r ans  
(N) i n  the  r o o t s ,  and t h e  p l a n t  growth r a t e ,  a s  a  r e s u l t  o f  
v a r i o u s  t r ea tmen t s .  
Treatment* P . pene t r ans  F. s o l a n i  
- -  
Growth per gram FWR per gram ODWS 
Rate (mean o f  3 )#*  (mean o f  5)**" 
+ 
" Number o f  nematodes N1=0, N2=200, N3=400, N4=800 6 Number o f  funga l  propagules  F1=0, ~ 2 = 1 ~ 1 0 ~ ,  F3=1X10 , ~ 4 = 1 ~ 1 0 ~  
** FUR- Fresh weight o f  r o o t s  
*** ODWS- Oven d r y  weight  o f  s o i l  
F i g u r e  10. A compar ison o f  a l f a l f a  s e e d l i n g s  i n o c u l a t e d  w i t h  
f o u r  l e v e l s  o f  P r a t y l e n c h u s  p e n e t r a n s  and f o u r  
l e v e l s  o f  F u s a r i u a  s o l a n i  a l o n e  and i n  combina t ion .  
P. p e n e t r a n s  i n o c u l u m ( 1 e f t  t o  r i g h t )  
-
0 ,  200, 400, 800 nematodes 
F. s o l a n i  i n o c u l u m ( t o p  t o  bot tom) 
- -  
6 7 0 ,  1x105, 1x10 , 1x10 p r o p a g u l e s .  

F i g u r e  1 1 .  The r e g r e s s i o n  o f  f r e s h  weight  y i e l d s  o f  r o o t s  
and t o p s  o f  a l f a l f a  on t h e  P r a t y l e n c h u s  p e n e t r a n s  
inoculum . 
P. PENETRANS INOCULUM LOG ( X + 1 ) 
F i g u r e  12. The growth r a t e  o f  a l f a l f a  s e e d l i n g s  i n o c u l a t e d  
w i t h  800 P r a t y l e n c h u s  p e n e t r a n s  and 1x10 7 
p r o p a g u l e s  o f  Fusarium s o l a n i  a l o n e  and i n  
sequence .  
The r e g r e s s i o n  o f  growth i n d e x  on d a y s  a f t e r  s e e d i n g  
f o r  s e e d l i n g s  i n o c u l a t e d  w i t h  (A) c o n t r o l s ,  
( B )  - F. s o l a n i ,  (C) - P. p e n e t r a n s ,  and (D) - P. p e n e t r a n s  
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2. The sequence  o f  i n o c u l a t i o n  o f  P. p e n e t r a n s  and 2. s o l a n i  
i n t o  s o i l  c o n t a i n i n g  a 1  f a 1  f a .  
Seven t r e a t m e n t s  were compared and e a c h  t r e a t m e n t  was r e p l i c a t e d  
n i n e  t i m e s .  A r e p l i c a t e  c o n s i s t e d  o f  two a l f a l f a  s e e d l i n g s  grown i n  a  
7 . 5  cm d iamete r  p o t  o f  s o i l ,  The inoculum c o n s i s t e d  o f  aqueous  
- 
7 s u s p e n s i o n s  o f  1600 P.  p e n e t r a n s  and 2.5X10 p r o p a g u l e s  o f  _F. s o l a n i  
The seven  t r e a t m e n t s  were: 
( a )  Uninocu la ted  c o n t r o l  
( b )  8-day-old s e e d l i n g s  i n o c u l a t e d  w i t h  P .  p e n e t r a n s  ( P I  ) 
( c )  8-day-old s e e d l i n g s  i n o c u l a t e d  w i t h  1, s o l a n i  ( F I )  
( d )  8-day-old s e e d l i n g s  i n o c u l a t e d  w i t h  - P.  p e n e t r a n s  and 
7 days  l a t e r  w i t h  - F. s o l a n i  (P1F2) 
( e )  8-day-old s e e d l i n g s  i n o c u l a t e d  w i t h  _F. s o l a n i  and 7 d a y s  
l a t e r  w i t h  P .  p e n e t r a n s  ( F l P 2 )  
- 
( f) 15-day-old s e e d l i n g s  i n o c u l a t e d  w i t h  - P. p e n e t r a n s  (P2) 
( g )  15-day-Old s e e d l i n g s  i n o c u l a t e d  w i t h  F. s o l a n i  (F2)  
The p l a n t s  were grown t h r o u g h  J u l y  and  e a r l y  August ,  1975. During t h e  
exper iment  t h e  g rowth  i n d i c e s  f o r  e a c h  p l a n t  were r e c o r d e d  and a t  
t e r m i n a t i o n  t h e  y i e l d s  o f  r o o t s  and t o p s ,  t h e  number o f  P .  p e n e t r a n s  
i n  t h e  r o o t s  and t h e  p o p u l a t i o n  o f  _F. s o l a n i  i n  t h e  s o i l  and r o o t s  
were de te rmined .  
The f r e s h  and  d r y  w e i g h t  o f  t o p s  were s i g n i f i c a n t l y  reduced  i n  
o n l y  t h o s e  t r e a t m e n t s  where - P ,  p e n e t r a n s  was i n o c u l a t e d  o n t o  8-day-old 
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a l f a l f a  s e e d l i n g s  ( P I  and P1F2) (Tab le  X I ) .  The P1F2 t r e a t m e n t  
reduced them s i g n i f i c a n t l y  (P<O.l3)  more t h a n  d i d  t h e  F1P2 t r e a t m e n t  
(Tab le  X I ) .  
The f r e s h  we igh t  o f  r o o t s  was reduced  s i g n i f i c a n t l y  by b o t h  P1 
and P2 t r e a t m e n t s  b u t  n o t  by e i t h e r  F1 o r  F2 t r e a t m e n t s .  The nematode 
i n o c u l a t i o n  o f  8-day-old a l f a l f a  s e e d l i n g s  caused  a 20% g r e a t e r  
r e d u c t i o n  i n  t h e  f r e s h  we igh t  o f  r o o t s  t h a n  d i d  t h e  nematode 
i n o c u l a t i o n  o f  t h e  15-day-old s e e d l i n g s ,  b u t  t h i s  was n o t  s i g n i f i c a n t  
a t  P<0.05. The P1F2 t r e a t m e n t  caused  a 31% g r e a t e r  r e d u c t i o n  i n  f r e s h  
we igh t  o f  r o o t s  t h a n  d i d  t h e  F1P2 t r e a t m e n t  ( T a b l e  X I ) .  Examples o f  
r o o t  sys tems  from t h e s e  t r e a t m e n t s  a r e  shown i n  F i g s .  l 3  and 14. 
A r e g r e s s i o n  o f  t h e  growth i n d i c e s  on t h e  age o f  s e e d l i n g s  f o r  
e a c h  t r e a t m e n t  shows no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  growth 
r a t e s  f o r  any p a i r  of  t r e a t m e n t s  ( T a b l e  XII). 
The number o f  P. p e n e t r a n s  e x t r a c t e d  from r o o t s  (Tab le  XII) was 
s i g n i f i c a n t l y  s m a l l e r  when 2. s o l a n i  was i n o c u l a t e d  p r i o r  t o  
P . p e n e t r a n s  than  when t h e  fungus  was added a f t e r  t h e  nematode. The 
- 
number o f  nematodes e x t r a c t e d  from t h e  r o o t s  o f  s e e d l i n g s  i n  t h e  PI 
t r e a t m e n t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  number r e c o v e r e d  
from t h e  P2 t r e a t m e n t .  No f u n g a l  c o u n t s  were o b t a i n e d  due t o  
c o n t a m i n a t i o n  o f  t h e  p l a t i n g  medium. 
T a b l e  X I :  Weight  o f  r o o t s  a n d  t o p s ,  43 d a y s  a f t e r  s e e d i n g ,  
o f  a l f a l f a  i n o c u l a t e d  w i t h  P r a t y l e n c h u s  p e n e t r a n s  
a t  8 d a y s  a f t e r  s e e d i n g  ( P I )  and 15 d a y s  a f t e r  
s e e d i n g  ( P 2 ) ,  and  w i t h  F u s a r i u i i  s o l a n i  a t  8 d a y s  
a f t e r  s e e d i n g  ( F 1 )  and  15 d a y s  a f t e r  s e e d i n g  (F2) 
(Mean o f  9 r e p l i c a t e s ) .  
TREATMENT TOPS ROOTS 
F r e s h  % Dry % F r e s h  % 
Weight  R e d u c t i o n  Weight  Reduc t ion  Weight  Reduc t ion  
(gm> (gm > (gm > 
C o n t r o l  1.22 0 0.195 0 0.63 0 
P 1 0.69 43.2 0.120 38.5 0.31 50.0 
P 2 0 -79 34.5 0.154 21.0 0.44 30.5 
F 1 1.42 -1 1.7 0.245 -11.5 0.66 -6.0 
F  2 1.03 15.6 0.179 8.2 0.57 10.0 
P1F2 0.56 54.0 0.105 46.2 0.27 56.6 
F1P2 0 - 9 3  23.2 0.168 12.8 0.47 25.2 
- --- 
f o r  P(0.05 LSD=O. 46 LSD=0 .07 LSD=0 .20 
Table  XII: Number o f  P r a t y l e n c h u s  p e n e t r a n s  e x t r a c t e d  from r o o t s  
o f  43 day-old a l f a l f a  s e e d l i n g s  i n o c u l a t e d  w i t h  
F a t y l e n c h u s  p e n e t r a n s  a t  8 ( P I )  and 15 ( ~ 2 )  days  o f  
a g e ,  and w i t h  F u s a r i u ~  s o l a n i  a t  8 ( ~ 1 )  and 15 ( ~ 2 )  
days  o f  age (mean o f  9 r e p l i c a t e s ) ,  and g rowth  r a t e s  
f o r  t h o s e  s e e d l i n g s .  
Treatment  - P. p e n e t r a n s  Growth Rate 
p e r  gram r o o t  
C o n t r o l  0 0 -057 
P 1 7776.3 0.052 
P 2 6630.3 0.047 
F 1 0 0.056 
F2 0 0.060 
P 1 F2 10335.0 0.051 
F1P2 5306.4" 0.048 
* S i g n i f i c a n t l y  d i f f e r e n t  from P1F2 a t  P<0.01 
I 
F i g u r e  13. The r o o t  g rowth  o f  a l f a l f a  i n f e c t e d  w i t h  two 
p a t h o g e n s .  ( A )  C o n t r o l  ( B )  P r a t y l e n c h u s  
p e n e t r a n s  ( C )  F. s o l a n i  (D) - -  F. s o l a n i  f o l l o w e d  
s e v e n  d a y s  l a t e r  by - P.  p e n e t r a n s .  
Note t h e  l a c k  o f  s m a l l e r  r o o t s  and t h e  p r e s e n c e  
l e s i o n e d  a r e a s  i n  ( B ) .  

F i g u r e  1 4 ,  The r o o t  growth o f  a l f a l f a  i n f e c t e d  w i t h  two 
pa thogens .  ( A )  C o n t r o l  (B) P r a t y l e n c h u s  p e n e t r a n s  
(C) Fusarium s o l a n i  (D) - P ,  penetrans fo l lowed  
7 d a y s  l a t e r  by 1. s o l a n i .  
Note the  damage caused by g. p e n e t r a n s .  

56.  
3. E f f e c t  o f  an i n f e c t i o n  o f  - F .  s o l a n i  on t h e  number o f  
P .  p e n e t r a n s  e n t e r i n g  a l f a l f a  r o o t s .  
- 
Two t r e a t m e n t s  were compared,  each  w i t h  t e n  s i n g l e  s e e d l i n g  
r e p l i c a t e s .  They were grown i n  s t e r i l i z e d  sand under  Gro-lux l i g h t s  
a t  25 C w i t h  a  1 4  hour  p h o t o p e r i o d  and wa te red  e v e r y  2  days  w i t h  a  
h a l f  s t r e n g t h  Hoagland 's n u t r i e n t  s o l u t i o n .  The f u n g a l  inoculum 
c o n s i s t e d  o f  6  gm o f  i n f e s t e d  s o i l  c o n t a i n i n g  2 x 1 0 ~  p r o p a g u l e s  o f  
F .  s o l a n i  p e r  gram, mixed w i t h  t h e  s a n d  i n  t h e  v i a l s  t o  be t r e a t e d .  
- -  
Acid s c a r a f i e d  s e e d s  were ge rmina ted  a t  23'C i n  t h e  d a r k  on s t e r i l e  
mois t  f i l t e r  p a p e r  and when t h e y  were 4 days  o l d  t h e y  were p l a n t e d  
i n t o  v i a l s  c o n t a i n i n g  1. s o l a n i - i n f e s t e d  o r  s t e r i l e  sand .  When t h e  
s e e d l i n g s  were 1 1  d a y s  o l d  a d r o p  o f  d e i o n i z e d  w a t e r  c o n t a i n i n g  50 
f o u r t h  s t a g e  l a r v a e  and a d u l t  - P .  p e n e t r a n s  was i n o c u l a t e d  i n t o  
d e p r e s s i o n s  made w i t h  a  p e n c i l  n e a r  a l l  t h e  s e e d l i n g s .  The r o o t s  o f  
t h e  s e e d l i n g s  were washed from t h e  v i a l s  1 4  days  l a t e r ,  f i x e d  and 
s t a i n e d  (Sou they ,  1 9 7 0 ) ,  and t h e  nematodes i n  t h e  r o o t s  were c o u n t e d .  
A mean o f  19.3'5.2 nematodes were found i n  r o o t s  i n f e c t e d  w i t h  
F. s o l a n i  and t h i s  was s i g n i f i c a n t l y  l e s s  t h a n  t h e  32'4.2 nematodes 
-v
found i n  r o o t s  u n i n f e c t e d  by t h e  f'ungus. 20% o f  t h e  s e e d l i n g s  i n  t h e  
F. s o l a n i  t r e a t m e n t  d i e d  b e f o r e  E. p e n e t r a n s  were i n o c u l a t e d .  3796 o f  
- -  
t h o s e  remain ing  d i e d  b e f o r e  t h e  t e r m i n a t i o n  o f  t h e  exper iment .  No 
d e a t h s  were r e c o r d e d  f o r  t h o s e  s e e d l i n g s  i n o c u l a t e d  w i t h  g. p e n e t r a n s  
a l o n e .  
DISCUSSION 
T h i s  s t u d y  h a s  demons t ra ted  t h a t  a n  i n t e r a c t i o n  o c c u r r e d  between 
P .  p e n e t r a n s  and F. oxysporum which reduced  t h e  we igh t  o f  r o o t s  and 
- - 
t o p s  o f  a l f a l f a  more t h a n  d i d  e i t h e r  pathogen a l o n e .  T h i s  i n t e r a c t i o n  
was more pronounced when 1. oxysporum was i n o c u l a t e d  b e f o r e  o r  
s i m u l t a n e o u s l y  w i t h  - P . p e n e t r a n s  . A F. s o l a n i  i n t e r a c t e d  w i t h  
P .  p e n e t r a n s  by d e c r e a s i n g  t h e  number o f  nematodes i n  t h e  r o o t s ,  
-
whereas  1. oxysporum a p p e a r e d  t o  have no e f f e c t  on t h e  number o f  
P .  p e n e t r a n s .  A nematode i n f e c t i o n  o f  t h e  r o o t s  d i d  n o t  a f f e c t  t h e  
-
t 
p o p u l a t i o n  of  Fusarium p r o p a g u l e s  i n  t h e  s o i l .  The growth o f  a l f a l f a  
s e e d l i n g s  i n  p o t s  o f  s o i l  was n o t  s i g n i f i c a n t l y  reduced  by '. s o l a n i ,  
b u t  i n  sand c u l t u r e  t h i s  fungus  caused  d e a t h  o f  20% of  t h e  a l f a l f a  
(\ 
s e e d l i n g s .  The nematode c o n s i s t e n t l y  reduced t h e  growth o f  a l f a l f a  
and i n  most c a s e s  t h i s  r e d u c t i o n  was s u b s t a n t i a l l y  more t h a n  t h a t  
caused  by e i t h e r  Fusar ium s p e c i e s .  
It is  n e c e s s a r y  t o  d i s c u s s  t h e  i n d e x  t h a t  was used  as a measure 
o f  s e e d l i n g  growth b e f o r e  c o n t i n u i n g  w i t h  t h e  i m p l i c a t i o n s  o f  t h e  
r e s u l t s .  The s i m p l e  fo rmula  used t o  c a l c u l a t e  t h e  growth i n d e x  was a  
means o f  comparing p l a n t  r e s p o n s e s  t o  t r e a t m e n t s  w i t h o u t  s a c r i f i c e  o f  
t h e  p l a n t ,  r a t h e r  t h a n  a measure  o f  t h e  s i z e  o f  t h e  a s s i m i l a t o r y  
sys tem.  I n  young a l f a l f a  s e e d l i n g s  most l e a v e s  were o f  a  similar s i z e  
and  o n l y  one s tem was p r e s e n t .  Once secondary b r a n c h e s  emerged l e a f  
s i z e  a s  w e l l  a s  number v a r i e d  c o n s i d e r a b l y  and s o  t h e  measurements 
were d i s c o n t i n u e d .  I n  some c a s e s  t h i s  o c c u r r e d  a s  e a r l y  a s  40 d a y s  
a f t e r  t h e  s t a r t  o f  a n  exper iment  t h a t  r a n  85 d a y s .  The two 
measurements which c o u l d  be o b t a i n e d  r e g u l a r l y ,  s imp1 y  and w i t h o u t  
s a c r i f i c e  o f  t h e  s e e d l i n g s  were h e i g h t  o f  t h e  p l a n t  and t h e  number o f  
l e a v e s  on t h e  p l a n t  a t  t h e  t ime  o f  t h e  h e i g h t  measurement ( S e e  
M a t e r i a l s  and Methods) . These two measurements were m u l t i p l i e d  r a t h e r  
than added t o g e t h e r  t o  e n a b l e  t h e  s e p a r a t i o n  o f  t h e  growth r e s p o n s e s  
t o  v a r i o u s  t r e a t n e n t s  when s e e d l i n g s  were v e r y  young. Often t h e  
i n c r e a s e s  i n  t h e  mean g rowth  index  measured i n  t h i s  manner were found 
t o  b e  l i n e a r .  
There was c o n s i d e r a b l e  i n t e r e x p e r i m e n t a l  v a r i a t i o n  i n  t h e  g rowth  
o f  t h e  s e e d l i n g s  because  o f  u n c o n t r o l l a b l e  f a c t o r s .  The l a r g e s t  
v a r i a t i o n s  were due t o  t h e  amount and i n t e n s i t y  o f  l i g h t  a v a i l a b l e ,  
which v a r i e d  w i t h  t h e  t ime  o f  y e a r .  Although e x p e r i m e n t s  r e c e i v e d  t h e  
same f e r t i l i z e r  t r e a t m e n t s  t h e  m i n e r a l  loam used t o  f o r m u l a t e  t h e  
p o t t i n g  mix v a r i e d  i n  t y p e ,  pH and p r o b a b l y  i n  n u t r i e n t  c o n t e n t .  
These and o t h e r  f a c t o r s  a f f e c t i n g  t h e  h o s t  and pa thogens  were n o t  
c o n t r o l l e d  a b s o l u t e l y  b u t  any  v a r i a t i o n s  which o c c u r r e d  shou ld  have 
randomly a f  f e c  t e d  a l l  r e p l i c a t e s  w i t h i n  any  i n d i v i d u a l  exper iment  . 
A r e v i e w  by  Bergeson (1972) on nematode-fungus a s s o c i a t i o n s  i n  
p l a n t  d i s e a s e  complexes i n d i c a t e s  t h a t ,  i n  many c a s e s ,  t h e  nematode 
a p p e a r s  t o  b e  t h e  p r imary  pa thogen .  Bergeson o r g a n i z e d  h i s  r e v i e w  
a c c o r d i n g  t o  p o s s i b l e  r o l e s  o f  t h e  nematode i n  such  d i s e a s e  complexes .  
The r o l e  o f  nematodes as  wounding a g e n t s ,  h o s t  m o d i f i e r s ,  r h i z o s p h e r e  
m o d i f i e r s ,  and r e s i s t a n c e  b r e a k e r s  a s  w e l l  a s  t h e  e f f e c t s  o f  f u n g i  on 
nematodes d i s c u s s e d  t h e r e i n  p robab ly  a p p l y  t o  t h e  
Pra tylenchus-Fusar ium i n t e r a c t i o n s  i n  a l f a l f a  d e s c r i b e d  h e r e .  These 
- 
r o l e s  a r e  d i s c u s s e d  below. 
O f  major impor tance  t o  o u r  u n d e r s t a n d i n g  o f  what o c c u r s  i n  t h e s e  
i n t e r a c t i o n s  is t h e  n a t u r e  o f  i n v a s i o n  by P r a t y l e n c h u s .  T h i s  nematode 
i n v a d e s  r o o t s  by p e n e t r a t i n g  d i r e c t l y  i n t o  o r  between e p i d e r m a l  c e l l s ,  
and t h e n  it t u n n e l s  e x t e n s i v e l y  t h r o u g h  t h e  c o r t e x .  On s e v e r e l y  
i n f e s t e d  r o o t  sys tems ,  n e a r l y  a l l  t h e  f e e d e r  r o o t s  a r e  damaged o r  
,' 
d e s t r o y e d  ( F i g .  l4B) .  I n j u r e d  c e l l s  l e a k  t h e i r  c o n t e n t s  i n t o  t h e  
c a v i t i e s  produced by t u n n e l i n g  t h e r e b y  i n c r e a s i n g  t h e  c o n c e n t r a t i o n s  
o f  amino a c i d s ,  s u g a r s ,  and o t h e r  o r g a n i c  compounds i n  t h e  
r h i z o s p h e r e  . 
Both Fusarium s p e c i e s  used i n  t h i s  s t u d y  p e n e t r a t e  r o o t s  d i r e c t l y  
w i t h o u t  t h e  a i d  o f  mechan ica l  i n j u r y  such a s  t h a t  p rov ided  by f e e d i n g  
nematodes (Weimer, 1928; Ch i ,  g.&. , 1964) .  Hence, mechan ica l  
wounding o f  t h e  r o o t s  by t h e  nematode i s  l i k e l y  o f  l i t t l e  s i g n i f i c a n c e  
f o r  f u n g a l  e n t r y ,  and c e r t a i n l y  of  l e s s e r  impor tance  t h a n  t h e  
nematode's  r o l e  a s  a  r h i z o s p h e r e  o r  a s  a  h o s t  m o d i f i e r .  
When a l f a l f a  was i n o c u l a t e d  w i t h  1. p e n e t r a n s  a f t e r  t h e  
F. oxysporum, t h e r e  was a  69% r e d u c t i o n  i n  y i e l d  ( T a b l e  VI) similar 
- 
t o  t h e  r e d u c t i o n  when - P .  p e n e t r a n s  was i n o c u l a t e d  p r i o r  t o  
F. oxysporunl ( T a b l e  1 1 1 ) .  Wen  a l f a l f a  was seeded  t o  s o i l  which had 
- 
been i n o c u l a t e d  p r e v i o u s l y  w i t h  ... I? oxysporum ( s e e  Exper iments  and 
R e s u l t s  A.3.) no d e c r e a s e  i n  w e i g h t  o f  r o o t s  o r  t o p s  o c c u r r e d   able 
V I ) ,  b u t  when 11-day-old s e e d l i n g s  were i n o c u l a t e d  w i t h  F. oxysporun 
( s e e  Exper iments  and R e s u l t s  A.2.)  a  s i g n i f i c a n t  d e c r e a s e  i n  r o o t  
w e i g h t s  o c c u r r e d  ( T a b l e  1 1 1 ) .  T h i s  may have been due t o  a more 
c o n c e n t r a t e d  inoculum a p p l i e d  a d j a c e n t  t o  s e e d l i n g s  i n  exper iment  
A . 2 . ,  ccmpared t o  A,3. where t h e  inoculum was t h o r o u g h l y  mixed w i t h  
t h e  s o i l  p r i o r  t o  s e e d i n g .  The r e s u l t s  o f  t h e s e  sequences  o f  
i n o c u l a t i o n  s u g ~ e s t  t h a t  - P. p e n e t r a n s  may b e  a c t i n g  a s  a r h i z o s p h e r e  
m o d i f i e r  by damaging r o o t  c e l l s  d u r i n g  i t s  e n t r y  and s u b s e q u e n t  
f e e d i n g  t h e r e b y  i n c r e a s i n g  r o o t  e x u d a t e s .  The i n c r e a s e d  e x u d a t i o n s  
may have s t i m u l a t e d  g e r m i n a t i o n  o f  t h e  chlamydospores  o f  E. oxysporum 
and a i d e d  i ts  p a t h o g e n e s i s .  S c h r o t h  and Hi ldebrand ( 1  964) s t a t e d  t h a t  
e s t a b l i s h m e n t  o f  a pathogen on a h o s t  i s  p a r t l y  a f u n c t i o n  o f  t h e  
n u t r i e n t  environment  a s  i n f l u e n c e d  by r o o t  e x u d a t e s  and t h e  
i n t e r a c t i o n s  between a s s o c i a t e d  microorganisms whose a c t i v i t i e s  a r e  
a l s o  media ted by t h e  e x u d a t i o n  o f  e n e r g y  s o u r c e s .  I n  t h i s  s t u d y  
( T a b l e s  V I  and X I )  h i g h  l e v e l s  o f  p r o p a g u l e s  o f  Fusarium o f t e n  were 
n o t  s u f f i c i e n t  t o  c a u s e  a d e c r e a s e  in t h e  r o o t  and t o p  we igh t s  o f  
a l f a l f a  e x c e p t  i n  t h e  p r e s e n c e  o f  - P .  p e n e t r a n s .  I n  t h e  s o i l  Fusarium 
s u r v i v e s  i n  i ts  r e s t i n g  s t a g e ,  as  chlamydospores .  C e r t a i n  c a r b o n  
s o u r c e s  common t o  r o o t  e x u d a t e s  a r e  known t o  s t i m u l a t e  chlamydospore 
g e r m i n a t i o n  and m u l t i p l i c a t i o n  i n  t h e  s o i l  ( P a p a v i z a s ,  e t . a l . ,  1968) 
and t h i s  e f f e c t  i s  enhanced by n i t r o g e n .  The s y n e r g i s t i c  r e d u c t i o n  i n  
growth o f  a l f a l f a  e v i d e n t  i n  Tab le  V I  may b e  due t o  t h e  i n c r e a s e d  r o o t  
e x u d a t e s  s t i m u l a t i n g  1. oxysporuin development .  T h i s  i n d i c a t e s  t h a t  
F. oxysporum may r e q u i r e  t h e  h i g h e r  l e v e l s  o f  n u t r i e n t s  from r o o t  
- 
e x u d a t e s  r e l e a s e d  by p e n e t r a t i o n  and f e e d i n g  by - P .  p e n e t r a n s ,  t o  
p r o v i d e  t h e  e n e r g y  s o u r c e  n e c e s s a r y  f o r  p e n e t r a t i o n .  
S c h r o t h  and Hi ldebrand  ( 1  9 6 4 )  s u g g e s t e d  t h a t  s o i l  microorganisms 
can i n f l u e n c e  t h e  s a p r o p h y t i c  and pa thogen ic  a c t i v i t i e s  o f  f u n g i .  It 
h a s  been r e p o r t e d  t h a t  c e r t a i n  s p e c i e s  o f  S t rep tomyces  and T r  ichoderma 
\ 
a r e  a n t a g o n i s t i c  t o  Fusarium ( C h i ,  1960) .  During t h i s  s t u d y  c o l o n i e s  
o f  S t rep tomyces  o c c u r r e d  o c c a s i o n a l l y  o n  a g a r  p l a t e s  t h a t  had been 
i n o c u l a t e d  w i t h  s o i l  d i l u t i o n s ,  b u t  t h e y  were n e v e r  i d e n t i f i e d  t o  
s p e c i e s .  Lockwood ( 1 9 6 4 )  s t a t e s  t h a t  c o n i d i a  o f  Fusarium s p e c i e s  seem 
t o  b e  l e s s  s e n s i t i v e  t o  m y c o s t a s i s  t h a n  hyphae o r  c h l a a y d o s p o r e s  and 
t h a t  m y c o s t a s i s  can b e  a n n u l l e d  by n u t r i e n t s .  S o i l  m y c o s t a s i s  may 
a c c o u n t  f o r  t h e  ' l a c k  o f  damage by b o t h  Fusarium s p e c i e s  when 
i n o c u l a t e d  a l o n e  (Exper iments  and R e s u l t s  S e c t i o n s  A . 2 . ,  B.l .and 
B . 2 . ) .  Mycostas is  may b e  overcome by t h e  i n c r e a s e d  r o o t  e x u d a t e s  
r e l e a s e d  by p e n e t r a t i o n  and f e e d i n g  o f  t h e  nematode on a l f a l f a  r o o t s  
i n  s o i l ,  t h e r e b y  e n a b l i n g  a  s i g n i f i c a n t  i n t e r a c t i o n  when z. p e n e t r a n s  
i s  p r e s e n t .  T h i s  c o n t e n t i o n  i s  s u p p o r t e d  by t h e  f a c t  t h a t  2. s o l a n i  
caused  d e a t h  o f  20% o f  t h e  s e e d l i n g s  i n  a s t e r i l e  sand medium ( s e e  
Exper iments  and R e s u l t  S e c t i o n  B.3. ) where m y c o s t a s i s  would b e  
minimal .  
I n h i b i t i o n  o f  Fusarium may have o c c u r r e d  i n d i r e c t l y  by exuda tes  
s t i m u l a t i n g  a n t a g o n i s t i c  mic roorgan i sms  o r  d i r e c t l y  by t h e  s u b s t a n c e s  
c o n t a i n e d  i n  t h e  e x u d a t e s .  - -  s a t i v a  produces  t h e  a n t i  f u n g a l  compound M. 
med ica rp in  i n  r e s p o n s e  t o  i n  f e e  t i o n  by two non-pathogens , 
Helminthosporiutn t u r c i c u m  and Coll e t o t r i c h u m  phomoides ( H i g g i n s  and 
M i l l a r ,  1168 ) ,  b u t  no medica rp in  was d e t e c t e d  when t h e  pathogen 
Stemyphyllium botryosum was i n f e c t e d  . 1. p e n e t r a n s  h a s  a l s o  been 
r e p o r t e d  t o  e l i c i t  a c c u m u l a t i o n  o f  t h e  a n t i f u n g a l  compound p h a s e o l l i n  
i n  ~ h a s e o l u s  y u l g a r i s  s e e d l i n g s  (Abawi, a . A . ,  1971 ) . P h y t o a l e x i n s  
produced and exuded from t h e  r o o t s  may p l a y  a r o l e  i n  r h i z o s p h e r e  
m y c o s t a s i s  and p r o t e c t i o n  o f  r o o t  s y s t e m .  Such a n  e f f e c t  would v a r y  
w i t h  t h e  s p e c i e s  o f  p l a n t  i n f e c t e d ,  s i n c e  t h e  p h y t o a l e x i n  r e s p o n s e  is  
known t o  b e  s p e c i e s  s p e c i f i c  ( K U ~ ,  1972) . The p o s s i b i l i t y  e x i s t s  t h a t  
t h e  a l f a l f a  produces  a n t i f u n g a l  compounds i n  r esponse  t o  wounding o r  
l e s i o n  f o r m a t i o n  caused  by - P. pene t r a n s .  S p e c i f i c  b i o c h e m i c a l  
r e s p o n s e s  o f  a  h o s t  t o  a  p a r a s i t e  p l a y  a  l a r g e  p a r t  i n  n e c r o s i s  caused  
by P r a t y l e n c h u s  , because  one P r a t y l e n c h u s  s p e c i e s  may c a u s e  n e c r o s i s  
o n  r o o t s  and a n o t h e r  n o t  ( P i t c h e r ,  1965) .  Nematodes f u n c t i o n i n g  a s  
h o s t  m o d i f i e r s  can t h u s  i n f l u e n c e  p o t e n t i a l  f u n g a l  pa thogens  i n  ways 
o t h e r  than  by p r o v i s i o n  o f  e n t r y  s i t e s  o r  by enhanced n u t r i e n t  l e v e l s  
i n  t h e  h o s t  r h i z o s p h e r e .  
I n f e c t i o n  o f  Fusa r  i u m - r e s i s t a n  t p e a s  w i t h  P. p e n e t r a n s  i n d u c e s  
t h e i r  s u s c e p t i b i l i t y  t o  Fusarium w i l t ,  whereas  s e v e r e  r o o t  p run ing  and 
wounding d o e s  n o t  (Oyekan and M i t c h e l l ,  1971). These a u t h o r s  
sugges ted  t h a t  2. p e n e t r a n s  may a c t  a s  a  h o s t  m o d i f i e r  by i n d u c i n g  
some b iochemica l  o r  p h y s i o l o g i c a l  changes which f a v o r  w i l t  
development.  Although t h e  l e v e l  of r e s i s t a n c e  o f  ' v e r n a l '  a l f a l f a  
s e e d l i n g s  t o  Fusarium w i l t  was n o t  determined i n  t h i s  s t u d y  i t  i s  
l i k e l y  that changes  induced by t h e  nematode d e c r e a s e  t h e  normal 
d e f e n s e s  o f  t h e  s e e d l i n g s  t o  1. oxysporum, t h e r e b y  c o n t r i b u t i n g  t o  
decreased  growth o f  t h e  p l a n t s  ( s e e  Exper iments  and R e s u l t s  S e c t i o n  
A .  E a r l i e r  s t u d i e s  of  r o o t  r o t s  and w i l t s  o f  a l f a l f a  and o t h e r  
l e s u n e s  caused by F u s a r i m  s p e c i e s  demonstra ted t h a t  any f a c t o r s  
invo lved  i n  r e d u c i n g  t h e  v i g o r  o f  t h e  h o s t  i n c r e a s e d  t h e  i n c i d e n c e  and 
s e v e r i t y  o f  t h e  d i s e a s e s  ( F u l t o n  and Hanson, 1960; 0'Rourke and 
M i l l a r  , 1966) . Where p l a n t s  were p red i sposed  by removing t o p  growth 
t h e r e  was a d e c r e a s e  in t h e  c a r b o h y d r a t e  l e v e l s  i n  t h e  r o o t s  ( L u k e z i c ,  
e  t .a1 . , 1969) .  F e l t n e r  and Massengale ( 1  965) found a  c o r r e l a t i o n  
between a  d e c r e a s e  i n  c a r b o h y d r a t e  l e v e l s  i n  t h e  r o o t s  and an  i n c r e a s e  
i n  t h e  s u s c e p t i b i l i t y  o f  t h e  p l a n t s .  Rhizosphere  p o p u l a t i o n s  o f  
Fusar  ium s p e c i e s  i n c r e a s e  w i t h  i n c r e a s e d  c u t t i n g  f requency  o f  a l f a l f a  
(0'Rourke and M i l l a r ,  1966) .  In a  f i e l d  s i t u a t i o n  a r e d u c t i o n  i n  
v i g o r  o f  a l f a l f a  p l a n t s  by - P .  p e n e t r a n s  might  be  a  major  f a c t o r  i n  t h e  
development o f  Fusarium i n f e c t i o n s  which would d e c r e a s e  t h e  l o n g e v i t y  
and p r o d u c t i v i t y  o f  t h e  s t a n d .  
S i n c e  b o t h  f u n g a l  pa thogens  can p e n e t r a t e  a l f a l f a  d i r e c t l y  
wi thou t  t h e  a i d  o f  inechanical  i n j u r y ,  I s u g g e s t e d  t h a t  t h e  r o l e  o f  
P .  p e n e t r a n s  i n  t h e  i n t e r a c t i o n  a s  a  wounding a g e n t  was o f  s e c o n d a r y  
- 
impor tance  t o  i t s  r o l e s  as a h o s t  and r h i z o s p h e r e  m o d i f i e r ,  which have 
been d i s c u s s e d .  Wounding may n e v e r t h e l e s s  c o n t r i b u t e ,  because  t h e  
s i t e  o f  a c t i o n  o f  a  w i l  t - c a u s i n g  pathogen i s  u s u a l l y  i n  t h e  xylem 
t i s s u e ,  and t o  r e a c h  t h e  v a s c u l a r  c y l i n d e r  F. oxysporum would f i rst  
- .  
have t o  t r a v e r s e  t h e  c o r t e x .  The prominent  i n f e c t i o n  c o u r t s  caused  by 
p e n e t r a t i o n  by P .  p e n e t r a n s  may a l l o w  g r e a t e r  and e a r l i e r  i n f e c t i o n  o f  
- 
t h e  v a s c u l a r  c y l i n d e r .  S e i n h o r s t  and Kuniyasu ( 1971 ) s u g g e s t e d  t h a t  
P .  p e n e t r a n s  enhances  t h e  e q t e n t  o f  p e n e t r a t i o n  by 1. oxysporum 
- 
f . s p .  p i s i  Race 2 i n t o  t h e  v a s c u l a r  t i s s u e  o f  p e a s  r a t h e r  than  t h e  
-
d e g r e e  o f  a t t a c k  on t h e  c o r t e x .  
P r a t y l e n c h u s  p o p u l a t i o n s  a r e  f r e q u e n t l y  a f f e c t e d  by f u n g a l  
pa thogens  i n  t h e  same h o s t .  Edmunds and Mai ( 1966 )  found t h a t  
F. oxysporuin-infected r o o t s  were more a t t r a c t i v e  t o  P. p e n e t r a n s  t h a n  
- - - 
u n i n f e c  t e d  r o o t s .  F u r t h e r ,  a t  h i g h e r  s p o r e  c o n c e n t r a t i o n s  i n  t h e  
fungus  inoculum s i g n i f i c a n t l y  more nematodes e n t e r e d  t h e  r o o t s  o f  
funga l  i n f e c t e d  a l f a l f a  than  t h o s e  o f  c o n t r o l  p l a n t s .  They a l s o  found 
P. p e n e t r a n s  was a t t r a c t e d  t o  C02,  h i g h e r  l e v e l s  o f  which were g i v e n  
- 
o f f  by  Fusar iu in- infected r o o t s  t h a n  by u n i n f e c t e d  r o o t s .  S e i n h o r s t  
and Kuniyasu ( 1971 ) , however ,  r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  
F. oxysporum f . s p .  Race 2 i n  r o o t s  of p e a s  p robab ly  r e d u c e s  t h e  
- 
r a t e  o f  m u l t i p l i c a t i o n  o f  P. p e n e t r a n s .  They s u g g e s t e d  t h a t  t h e  
- 
f u n g a l  a t t a c k  made t h e  p e a  r o o t  c o r t e x  l e s s  s u i t a b l e  h o s t  t i s s u e  f o r  
P .  p e n e t r a n s .  R e s u l t s  from t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  t h e  number 
- 
o f  P. p e n e t r a n s  r e c o v e r e d  from r o o t s  i n o c u l a t e d  w i t h  1. oxysporun 
( ~ a b l e s  11, V ,  and VI11) was n o t  s i g n i f i c a n t l y  d e c r e a s e d  a s  compared 
with  t h e  c o n t r o l s .  My form o f  i n o c u l a t i o n  o f  - F. oxysporum d i f f e r e d  
from t h a t  o f  Edmunds and Mai ( 1 9 6 6 ) ,  which c o u l d  a c c o u n t  f o r  t h e  
d i f f e r e n t  r e s u l t s  w i t h  r e s p e c t  t o  number o f  - P .  p e n e t r a n s  i n  t h e  r o o t s .  
I n  my e x p e r i m e n t s  when 1. s o l - a n i  was p r e s e n t  i n  t h e  s o i l  p r i o r  t o  
i n o c u l a t i o n  w i t h  1. p e n e t r a n s  o r  when - F. s o l a n i  was added t o  t h e  s o i l  
s i m u l t a n e o u s l y  w i t h  t h e  nematode,  t h e r e  o c c u r r e d  a s i g n i f i c a n t  
d e c r e a s e  i n  t h e  number o f  nematodes i n  t h e  r o o t s  ( T a b l e s  X and X I I ) .  
The number was n o t  a f f e c t e d  when - F. s o l a n i  was i n o c u l a t e d  a f t e r  
P. p e n e t r a n s .  T h e r e f o r e ,  i t  would appear  t h a t  t h e  fungus  i n h i b i t s  
- 
p e n e t r a t i o n  by t h e  nematode o r  i ts  development once  i n  t h e  r o o t ,  s i n c e  
c o u n t s  were made 1 4  d a y s  a f t e r  i n f e c t i o n  w i t h  - P. p e n e t r a n s .  F. s o l a n i  
may be  a l t e r i n g  t h e  r o o t s  b i o c h e m i c a l l y  i n  such  a  way as  t o  make them 
l e s s  a t t r a c t i v e  t o  t h e  nematodes .  It i s  known t h a t  p h e n o l i c  
s u b s t a n c e s  a r e  i n h i b i t o r y  t o  - P .  p e n e t r a n s  ( P i t c h e r ,  &.&. , '1960) . 
The Fusariurn i n f e c t i o n  may s t i m u l a t e  t h e  p r o d u c t i o n  o f  p h e n o l i c s  i n  
t h e  r o o t s  which,  i n  t u r n ,  may r e t a r d  nematode e n t r y .  Rich and Keen 
( 1975) r e p o r t e d  t h a t  2. s c r i b n e r i  induced  t h e  p r o d u c t i o n  o f  c o u m e s t r o l  
and t h a t  t h i s  s u b s t a n c e  reduced  t h e  m o b i l i t y  o f  t h e  nematode i n  l i m a  
bean r o o t s ,  which i n  t u r n  may b e  l i n k e d  w i t h  i t s  reduced  r e p r o d u c t i o n .  
An i n f e c t i o n  by F. - -  s o l a n i  may i n d u c e  a  s i m i l a r  r e a c t i o n  i n  a l f a l f a  and 
c o u l d  a c c o u n t  f o r  t h e  d e c r e a s e d  numbers o f  - P .  p e n e t r a n s  i n  t h e  r o o t s  
( T a b l e  XII; Exper iments  and R e s u l t s  B.3.  ) . 
The nunber  o f  , F u s n ~ i w n  p r o p a g u l e s  r e c o v e r e d  from a n  a l i q u o t  o f  
s o i l  from e a c h  p o t  d i d  not; i n c r e a s e  s i g n i f i c a n t l y  when - P .  p e n e t r a n s  
was p r e s e n t  i n  t h e  r o o t s .  One might  have expec ted  an i n c r e a s e ,  if 
i n c r e a s e s  i n  r o o t  e x u d a t i o n s  were s t i m u l a t i n g  g e r m i n a t i o n  and 
development o f  t h e  fungus  a s  was sugges ted  p r e v i o u s l y  i n  t h e  
d i s c u s s i o n .  It seems r e a s o n a b l e  t h a t  t h e  e f f e c t  o f  e x u d a t i o n s  may b e  
m o s t l y  i n  t h e  r h i z o p l a n e  immedia te ly  a d j a c e n t  t o  nematode i n  f e c  t i o n  
s i t e s .  S i n c e  - P .  p e n e t r a n s  i n f e c t i o n  i s  n o t  e v e n l y  d i s t r i b u t e d  o v e r  
t h e  e n t i r e  r o o t  system d u r i n g  t h e  term o f  t h e s e  e x p e r i m e n t s ,  t h e  
ef  f e c  t c o u l d  have o c c u r r e d  b u t  escaped d e t e c t i o n ,  s i n c e  a l l  s o i l  i n  
e a c h  po t  was t h o r o u g h l y  mixed t q ~ e t h e r  b e f o r e  t h e  fungus  p o p u l a t i o n  
was e s t i m a t e d .  
The number o f  Fusariurn p r o p a g u l e s  i n  r o o t  samples  was de te rmined  
i n  t h e  same way a s  i t  was f o r  s o i l  samples .  S i n c e  p r o p a g u l e s  i n  r o o t s  
would b e  a  m i x t u r e  o f  hyphae , c o n i d i a  and chlamydospores ,  t h e  number 
v a r i e s  w i t h  t h e  l e n g t h  o f  t i m e  t h e  r o o t s  a r e  macera ted .  I n  s o i l  t h e  
fungus  p e r s i s t s  m a i n l y  i n  i t s  r e s t i n g  s t a g e ,  ch lamydospores ,  t h e r e f o r e  
s o i l  c o u n t s  o f  Fusarium p r o p a g u l e s  a r e  more c o n s i s t e n t  t h a n  r o o t  
c o u n t s  when u s i n g  t h i s  method.  I n  one exper iment  ( T a b l e  V I I I )  t h e  
nuaber  o f  g. oxysporum p r o p a g u l e s  i n  r o o t s  was s i g n i f i c a n t l y  h i g h e r  
where - P .  p e n e t r a n s  was a l s o  p r e s e n t  i n  t h e  r o o t s  t h a n  where t h e  
nematode was a b s e n t .  I n  c o r r e s p o n d i n g  e x p e r i m e n t s  u s i n g  1. 2 o l a n i  
( s e e  Exper iments  and R e s u l t s  B.2 .  ) heavy c o n t a m i n a t i o n  by b a c t e r i a  and 
y e a s t s  o n  t h e  p l a t e s  made c o u n t i n g  and s u b s e q u e n t  compar i sons  o f  t h e  
numbers o f  p r o p a g u l e s  i n  t h e  r o o t s  i m p o s s i b l e .  
Two d i s e a s e  i n t e r a c t i o n s  on a l f a l f a  were s t u d i e d :  P .  p e n e t r a n s  
- 
and F. oxysporurn and P .  p e n e t r a n s  and F. s o l a n i .  It b e c a r e  e v i d e n t  
- 
d u r i n g  t h e  s h o r t  t e r m s  o f  t h e  exper i inents  t h a t  2. p e n e t r a n s  
c o n s i s t e l i t l y  caused  a  g r e a t e r  d e c r e a s e  i n  y i e l d s  o f  a l f a l f a  than  
e i t h e r  Fusariuin s p e c i e s  a l o n e ,  and t h a t  1. oxysporum d e c r e a s e d  y i e l d s  
more than 1. s o l a n i .  Eusarium s p e c i e s  c o u l d  cause  g r e a t e r  damage t o  
a l f a l f a  o v e r  a  l o n g e r  p e r i o d  o f  t i m e  than  what was demons t ra ted  i n  
- 
t h e s e  s h o r t  t e r n  e x p e r i m e n t s .  The r e s u l t s  a r e  i n t e r p r e t e d  on t h e  
b a s i s  t h a t  more s e v e r e  d i s e a s e  deve lopnen t  i s  s t i m u l a t e d  when 
i n c r e a s e d  n u t r i e n t  a v a i l a b i l i t y  i n  t h e  r h i z o s p h e r e  r e s u l t i n g  from 
i n v a s i o n  o f  r o o t s  by  - P .  p e n e t r a n s ,  a i d s  Fusarium s p e c i e s  t o  overcome 
s o i l  m y c o s t a s i s .  
Appendix A :  A n a l y s i s  o f  v a r i a n c e  of g rowth  i n d i c e s  f o r  a l f a l f a  
i n o c u l a t e d  w i t h  P r a t y l e n c h u s  p e n e t r a n s  ( N )  and  
Fusar ium oxysporum ( F ) ,  o v e r  54 d a y s  a f t e r  s e e d i n g .  










P(NF) 2.84% 2241.6 
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Appendix B: A n a l y s i s  o f  v a r i a n c e  o f  g r o w t h  i n d i c e s  f o r  a l f a l f a  
i n o c u l a t e d  w i t h  P r a t y l e n c h u s  p e n e t r a n s  (N) and 
Fusa r ium s o l a n i  ( F ) ,  o v e r  70 d a y s .  
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